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ABSTRACT 
 
SHARON M. VOSHELL:  Molecular Recognition in Synthetic Systems  I.  Rigidified 
Dendritic Systems for Imparting Enantioselective Molecular Recognition to Platinum-
Containing Molecularly Imprinted Polymers  II.  Using Laser Polarimetry to Identify an 
Enantioselective Receptor for (-)-Adenosine from a Racemic Dynamic Combinatorial 
Library 
(Under the Direction of Michel R. Gagné) 
 
 The understanding of molecular recognition events is of great importance to current 
chemical research.  This work documents two examples of molecular recognition in synthetic 
systems.  Molecularly imprinted polymers containing platinum have been synthesized that 
can differentiate between enantiomers in a ligand exchange reaction.  The use of laser 
polarimetry as a method to detect enantioselective interactions in a racemic dynamic 
combinatorial library is also described. 
 Platinum-containing molecularly imprinted polymers (MIPs) were synthesized by the 
covalent incorporation of polymerizable P2Pt((S)-BINOL) metallodendrimers constructed 
with a rigid phenyl benzoate ester linkage into a highly-porous and cross-linked 
methacrylate-based polymer.  The enantioselectivity of the polymer with respect to BINOL 
ligand exchange reactions was studied and compared to similar polymers prepared from 
metallodendrimers containing a conformationally flexible phenyl benzyl ether linkage.  The 
rigidity of the ester linkage resulted in higher enantioselectivities for a BINOL/Br2BINOL 
ligand exchange reaction as compared to the ether linkage.  The most selective polymer 
exchanged (±)-Br2BINOL for (S)-BINOL at the platinum sites with an enantioselectivity of 
82:18 which equals the highest observed for these polymers.  At elevated temperatures 
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preferential deactivation of the less hindered, and therefore less selective sites, is observed 
due to the thermolytic cleavage of the BINOL ligand.  These polymers exhibit 
enantioselective molecular recognition for the imprinted enantiomer of BINOL through 
outer-sphere control by the polymer matrix. 
 The study of laser polarimetric detection for the analysis of dynamic combinatorial 
libraries comprised of racemic compounds was undertaken in an effort to identify 
enantioselective molecular recognition.  An enantioselective receptor for the biologically 
important molecule (-)-adenosine was identified in this manner.  This demonstrates a novel 
and efficient method for the study of enantioselective molecular recognition in synthetic 
systems.  The use of deuterium-labeled species was developed as a method for identifying 
the stereochemistry of the receptor of interest by mass spectrometry.  This method was also 
used to quantify the diastereomeric composition of a library component.  This work proves 
that used together in this manner, laser polarimetry, dynamic combinatorial chemistry, and 
mass spectrometry are powerful strategies for the continued study of enantioselective 
molecular recognition. 
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CHAPTER 1 
Molecular Recognition 
 
1.1 Molecular Recognition in Nature 
 Molecular recognition is simply defined as the specific chemical interaction of one 
molecule with another.  Biological systems rely on highly elegant molecular recognition 
events (protein-protein interactions, enzyme-substrate complexes, DNA double helix, etc.) to 
regulate all aspects of life.  Many of these recognition processes occur through the function 
of a protein, which are biological polymers comprised of amino acid repeat units.  The 
diverse chemical functionality of the twenty naturally occurring amino acids in a protein 
chain is responsible for the ability of proteins to recognize specific molecules.  Each protein 
occurring in nature accomplishes a specific chemical task necessary for the regulation of life 
processes through a sequence of steps that includes key molecular recognition events. 
 The unique structure of a protein, dictated by its amino acid sequence (primary 
structure), ultimately gives rise to recognition properties.  Chemical interactions along close-
lying sequences of amino acids spatially arrange the protein chain into secondary structures 
such as α-helices and β-sheets via arrays of hydrogen bonding and other noncovalent 
interactions.  These secondary structures can interact with each other across longer distances 
of the protein chain to form a tertiary structure unique to each protein.  Tertiary structures in 
proteins are stabilized by hydrogen bonding, disulfide bridges, London dispersion forces, 
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electrostatic attraction and repulsion, aromatic interactions, metal-ligand interactions, and the 
hydrophobic effect.  Some proteins, such as hemoglobin, are made up of an aggregate of two 
or more protein subunits and thus have quaternary structure.1 
 Within the three dimensional protein structure, sites are created that provide a highly 
specific cavity suited for binding to a particular molecule.  The shape of this binding site 
created by the structure of the protein is usually complementary in size and shape to the 
substrate molecule.  Additionally, the functional side chains of amino acid residues at the 
binding site are arranged so that chemical interactions can take place with functional groups 
on the substrate molecule and thus aid in recognition and subsequent chemical function (e.g. 
catalysis). 
1.2 Metalloenzymes 
 Metalloenzymes are proteins that incorporate a metal atom into a binding site to carry 
out a catalytic reaction.  High activities are achieved by controlling both the inner sphere (the 
atoms bound directly to the metal center) and the outer sphere surrounding the catalytic site.  
Metalloenzymes impart outer-sphere control to reactions through the tertiary structure of the 
protein that surrounds and defines the active catalytic site.  Molecular recognition of the 
metalloenzyme active site for the substrate molecule through a combination of inner- and 
outer-sphere control is responsible for the high selectivity of biological catalytic systems.2 
 Cytochrome P-450 is a mammalian metalloenzyme found in cell membranes that 
catalyzes the enantioselective oxidation of C-H bonds in substrates such as non-polar steroids 
and drugs.  The hydroxylation reaction facilitates removal of these compounds from the body 
                                                 
1 Vollhardt, K. P. C.; Schore, N. E.  Organic Chemistry: Structure and Function, 3rd ed.; W. H. Freeman and 
Company: New York, 1999; pp 1172-1175. 
 
2 Lippard, S. J.; Berg, J. M.  Principles of Bioinorganic Chemistry; University Science Books: Mill Valley, 
CA, 1994. 
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by rendering them soluble in water.  The active site of the P-450 enzyme contains an iron 
atom in a heme prosthetic center.  Figure 1.1 shows the enantioselective catalytic 
transformation of camphor to 5-hydroxycamphor by cytochrome P-450 and the binding of 
camphor to the metalloenzyme active site.  Camphor binds to the hydrophobic binding 
pocket through a hydrogen bond to the tyrosine-96 residue.  This binding positions the axial 
C-H bond for reaction with the heme center.3  The interaction of camphor with the 
hydrophobic binding pocket and tyrosine-96 reside (outer-sphere) results in a very specific 
reaction with the oxygen atom at the heme center (inner-sphere).  The outer-sphere chemical 
recognition is responsible for generating the selectivity of the oxidation reaction for the axial 
C-H bond by positioning this bond for reaction with the heme center. 
O
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Figure 1.1.  Cytochrome P-450 catalytic action: left, catalytic transformation of camphor by 
cytochrome P-450; right, binding of camphor to active site. 
 
1.3 Vancomycin 
 Because naturally occurring amino acids, with the exception of glycine, contain 
asymmetric centers, proteins are chiral molecules.  Therefore, proteins can interact with 
chiral molecules in an enantioselective or enantiospecific fashion.  This chiral discrimination 
                                                 
3 (a) Cowan, J. A.  Inorganic Biochemistry; VCH Publishers, Inc.: New York, 1993, pp. 265-269. (b) Omura, 
T.; Ishimura, Y.; Fujii-Kuriyama, Y.  Cytochrome P-450; Kodansha: Tokyo, 1993. 
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is the basis of many chemical processes that occur in nature.  The understanding of chiral 
molecular recognition in biological systems is essential to the development of therapeutic 
agents.  Additionally, enantiomers of a chiral drug may exhibit biological activity differences 
in absorption, distribution, metabolism or excretion.  Prior to 1980, drugs were often 
developed as racemates because asymmetric syntheses were technically challenging and very 
expensive.  The administration of thalidomide as a racemate in the 1960s to pregnant women 
resulted in devastating birth defects.  It was subsequently determined that while the (R)-
enantiomer of thalidomide had the desired sedative effects, the (S)-enantiomer was 
teratogenic.4 
 One example of enantioselective molecular recognition important to everyday life is 
the antibiotic action of a common drug.  Vancomycin is a glycopeptide antibiotic effective 
against most strains of Staphylococcus and other Gram-positive bacteria.  It is particularly 
useful for bacterial infections that are resistant to other antibiotic agents.  Its structure 
consists of seven amino acids arranged as a crosslinked cyclic peptide which contains five 
aromatic rings.5  The mechanism of antibiotic action for vancomycin results from the 
reversible binding to the D-alanine-D-alanine dipeptide sequence at the terminus of 
mucopeptides, components used in building cell walls.  This strong binding event sterically 
inhibits cell wall synthesis and results in bacterial cell death.6  The chemical structure of 
vancomycin creates a physical binding pocket which presents the peptide backbone in a 
favorable arrangement for interaction with other peptides.  Binding of vancomycin to the D-
                                                 
4 Aboul-Enein, H. Y.; Wainer, I. W.  The Impact of Stereochemistry on Drug Development and Use; John 
Wiley & Sons: New York, 1997; pp 1-44. 
 
5 Sewald, N.; Jakube, H-D.  Peptides: Chemistry and Biology; Wiley-VCH: Weinheim, Germany, 2002, pp 
539-540. 
 
6 Ariëns, E. J.; Soudijn, W.; Timmermans, P. B. M. W. M.  Stereochemistry and Biological Activity of 
Drugs; Blackwell Scientific Publications: Boston, 1983, pp 83-84. 
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alanine-D-alanine dipeptide sequence occurs through the formation of five hydrogen bonds 
between the two peptide backbones (Figure 1.2).7 
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Figure 1.2.  Interaction of the antibiotic vancomycin and the D-alanine-D-alanine dipeptide 
sequence. 
 
1.4 Molecular Recognition in Synthetic Systems 
 The highly efficient and selective molecular recognition processes achieved by 
biological systems such as proteins are essential to the highly complex chemical processes 
that occur in all living organisms.  Chemists strive to imitate (usually unsuccessfully) the 
perfect chemistry that occurs in nature with synthetic chemical systems.  The development of 
highly active and selective metal catalysts is an important area of chemical research.  These 
catalysts must achieve molecular recognition for the substrate molecule to effect highly 
efficient and enantioselective asymmetric catalysis.  With the development of more 
sophisticated methods of asymmetric catalysis, chemists will be able to synthesize 
                                                 
7 Kahne, D.; Leimkuhler, C.; Lu, W.; Walsh, C.  Chem. Rev. 2005, 105, 425-448. 
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increasingly complex molecules.  Ideally, chemists would like to achieve a synthetic scope 
with asymmetric metal catalysts that approaches the diversity and complexity of molecules 
found in nature (which are synthesized by metalloenzymes). 
 Currently most synthetic catalytic systems employ inner-sphere molecular recognition 
to achieve asymmetric transformations.  These catalytic systems often involve the use of a 
sterically hindered, chiral ligand bound to a metal center.  The inner-sphere steric influence 
of the asymmetric ligand controls the enantioselectivity of the reaction that occurs at the 
metal center.  To approach the selectivity of metalloenzymes, chemists must develop 
methods to control the outer-sphere of a catalytic system as well as the inner-sphere.  
Molecular imprinting is a process that can create metalloenzyme-like active sites within 
synthetic polymers.  These sites can then potentially be used to regulate catalytic 
transformations in an enantioselective fashion.  Currently, catalysis by molecularly imprinted 
polymers (MIPs) is not nearly as efficient and selective as that of a metalloenzyme.  Chapter 
2 addresses the issue of improving enantioselective molecular recognition in MIPs with the 
goal of achieving a synthetic catalytic system that functions like a metalloenzyme- nature’s 
ideal catalyst. 
 The development of drug therapies relies heavily on the enantioselective chemical 
binding events that occur in biological systems, like the interaction of vancomycin with the 
D-alanine-D-alanine dipeptide.  Chemists endeavor to develop pharmaceuticals that can 
imitate these molecular recognition processes to regulate chemical events in the body.  
However, a complete understanding of the myriad of enantioselective molecular recognition 
events is essential to the discovery of new pharmaceuticals.  Dynamic combinatorial 
chemistry is a powerful tool developed by chemists that allows for the efficient screening of 
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a large library of molecules against an analyte molecule in the hopes of identifying an 
interaction between a library member and the analyte.  This method can be used to identify 
chemical functionalities important for molecular recognition.  The use of dynamic 
combinatorial chemistry to identify enantioselective molecular recognition events is not well 
developed.  With the proper detection technique, dynamic combinatorial chemistry can be 
used to discover enantioselective molecular receptors.  Chapter 3 discusses the use of laser 
polarimetry to identify enantioselective molecular events between chiral analytes and 
members of a racemic dynamic combinatorial library. 
 
 
 
 
 
CHAPTER 2 
Rigidified Dendritic Systems for Imparting Enantioselective Molecular 
Recognition to a Platinum-Containing Molecularly Imprinted Polymer 
 
2.1 Molecular Imprinting 
 Synthetic chemical systems have been developed to achieve highly selective 
asymmetric catalytic transformations like those that occur in biological systems.  Chiral 
ligands bound to a metal atom have long been used to impart inner-sphere enantioselective 
molecular recognition to synthetic asymmetric catalysts, and highly enantioselective 
transformations have been achieved with this approach.  However, the outer sphere of the 
catalyst consists of a dynamic, disordered solvent shell which provides very little, if any, 
direct contribution to the enantioselectivity, in contrast to the outer-sphere of an enzyme 
which plays a critical role. 8 
 One method developed to provide enhanced outer-sphere control in synthetic catalyst 
systems is molecular imprinting.  Molecular imprinting is a process by which a template 
molecule is introduced into a highly crosslinked polymer matrix.9  These polymers generally 
do not exhibit swelling properties, and therefore retain a permanent pore structure with size 
                                                 
8 (a) Jacobsen, E. N.; Pfaltz, A.; Yamamoto, H.  Comprehensive Asymmetric Synthesis; Springer: New York, 
1999.  (b) Ojima, I.  Catalytic Asymmetric Synthesis; Wiley-VCH, Inc.: New York, 2000.  (c) Noyori, R.  
Asymmetric Catalysis in Organic Synthesis; John Wiley & Sons, Inc.: New York, 1994. 
 
9 (a) Whitcombe, M. J.; Vulfson, E. N.  Adv. Mater. 2001, 13, 467-478.  (b) Wulff, G.  Angew. Chem., Int. 
Ed. 1995, 34, 1812-1833.  (c) Sellergren, B.; Hall, A. J.  In Molecularly Imprinted Polymers; Sellergren, B., 
Ed.; Elsevier: Amsterdam, 2001; pp 21-55. 
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and shape memory. Upon template removal a cavity is formed which is complementary in 
size, shape, and functionality to the imprinted molecule (Figure 2.1).  In this way, the cavities 
created by the molecular imprinting process can be thought of as being similar to the binding 
sites of a protein.  The incorporation of a catalytically active metal atom into the cavities of 
molecularly imprinted polymers (MIPs) thus creates a synthetic metalloenzyme mimic.  The 
molecular recognition properties of MIP cavities have been utilized most successfully as 
chromatographic stationary phases.10  However, applications in sensors,11 synthesis12 and 
catalysis13,14 have also been demonstrated.  In addition to bulk polymer systems, the 
intramolecular cross-linking of a dendrimer has been shown to produce molecularly 
imprinted polymers that contain metalloenzyme-like active sites.15 
                                                 
10 (a) Sellergren, B.  J. Chromatogr,. A. 2001, 906, 227-252. (b) Andersson, L.I.; Mosbach, K.  J. 
Chromatogr. 1990, 516, 323. 
 
11 Molecularly Imprinted Materials-Sensors and Other Devices; Shea, K. J.; Yan, M.; Roberts, M. J., Eds.; 
Materials Research Society Symposium Proceedings 723; Materials Research Society: Warrendale, PA, 
2002. 
 
12 (a) Whitcombe, M.J.; Alexander, C.; Vulfson, E.N.  Synlett 2000, 6, 911-923. (b) Brüggeman, O.; Haupt, 
K.; Ye, L.; Yilmaz, E.; Mosbach, K.  J. Chromatogr., A 2000, 889, 15-24. 
 
13 For reviews see: (a) Wulff, G. Chem. Rev. 2002, 102, 1-27.  (b) Tada, M.; Iwasawa, Y.  J. Mol. Catal. 
2003, 199, 115-137.  (c) Alexander, C.; Davidson, L.; Hayes, W.  Tetrahedron 2003, 59, 2025-2057.  (d) 
Severin, K.  Curr. Opin. Chem. Biol. 2000, 4, 710-714. 
 
14 (a) Liu, J.; Wulff, G. J.  J. Am. Chem. Soc. 2004, 126, 7452-7453.  (b) Svenson, J.; Zheng, N.; Nicholls, I. 
A.  J. Am. Chem. Soc. 2004, 126, 8554-8560.  (c) Visnjevski, A.; Yilmaz, E.; Brüggeman, O.  Appl. Catal., 
A 2004, 260, 169-174.  (d) Wendicke, S. B.; Burri, E.; Scopelliti, R.; Severin, K.  Organometallics 2003, 
22, 1894-1897.  (e) Nestler, N.; Severin, K.  Org. Lett.  2001, 3, 3907-3909.  (f) Polburn, K.; Severin, K.  
Chem. Eur. J.  2000, 6, 4604-4611.  (g) Cammidge, A. N.; Baines, N. J.; Bellingham, R. K.  Chem. 
Commun. 1999, 24, 2588-2589.  (h)  Aït-Haddou, H.; Leeder, S. M.; Gagné, M. R.  Inorg. Chim. Acta. 
2004, 357, 3854-3864.  (i) Viton, F.; White, P. S.; Gagné, M. R.  Chem. Commun. 2003, 24, 3040-3041.  (j) 
Koh, J. H.; Larsen, A. O.; White, P. S.; Gagné, M. R.  Organometallics 2002, 21, 7-9. 
 
15 (a) Mertz, E.; Elmer, S. L.; Balija, A. M.; Zimmerman, S. C.  Tetrahedron 2004, 60, 11191-11204.  (b) 
Zimmerman, S. C.; Zharov, I.; Wendland, M. S.; Rakow, N. A.; Suslick, K. S.  J. Am. Chem. Soc. 2004, 
125, 13504-13518.  (c) Zimmerman, S. C.; Lemcoff, N. G.  Chem. Commun. 2004, 1, 5-14. 
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Figure 2.1.  Molecular imprinting process. 
 
2.2 Platinum-Containing MIPs from P2Pt(BINOL) Complexes 
 
 Previously, platinum-containing MIPs have been synthesized (which are themselves 
achiral) and found to exhibit enantioselective properties at the platinum sites as a result of the 
influence of the outer-sphere.  The P2Pt(BINOL) template molecule 1 (metallomonomer) was 
polymerized into a MIP as shown in Figure 2.2.  By examining BINOL ligand exchange 
reactions, these polymers were found to possess enantioselective characteristics at platinum.  
The overall enantioselectivity of the polymer was found to be 82:18 in favor of the imprinted 
enantiomer of BINOL and was a result of outer sphere control by the polymer matrix (since 
the (dppe)Pt complex is itself achiral).  However, it was found that both the extent of the 
exchange reaction (reactivity of polymer) and the enantioselectivity of the exchange reaction 
increased with exchange temperature.  This unusual effect was traced to the fact that at 
higher temperatures, additional platinum sites of higher selectivity exchanged the BINOL 
ligand, with the net result being that the overall enantioselectivity of the exchange reaction 
was greater at the higher temperatures.16 
                                                 
16 Brunkan, N. M.; Gagné, M. R.  J. Am. Chem. Soc. 2000, 122, 6217-6225. 
  11
O
OP
Pt
P
O
OP
Pt
P
1
Cl
ClP
Pt
P CHIRAL 
CAVITY
template
removal
polymerization
 
 
Figure 2.2.  MIPs prepared by the polymerization of metallomonomer 1. 
 
 The variability in the ligand exchange reactivity and selectivity with temperature was 
attributed to a distribution of sites thought to be present in the polymer (Figure 2.3).  Due to 
the random nature of the free-radical polymerization process, some platinum sites become 
buried in the polymer matrix and cannot exchange the BINOL ligand.  Other sites are left 
situated on the surface of the polymer matrix, and are very reactive towards BINOL 
exchange, but have little outer-sphere enantioselectivity due to incomplete encapsulation by 
the polymer matrix.  Finally, the desired sites have very high enantioselectivities for BINOL 
exchange as a result of good outer-sphere control by the polymer matrix, but these sites are 
slow to react due to hindered access for the BINOL ligands.   
 A continuous distribution of sites is thus present in these polymers with the most 
hindered sites being the least accessible but most selective and the least hindered sites being 
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the most accessible but least selective.  It is the average reactivity and selectivity of the 
accessible sites that determines the overall enantioselectivity of the polymer.  Although high 
activities and selectivities have been achieved in catalytic MIPs, it is this problem of site 
heterogeneity that prevents MIPs from achieving the high structure-activity correlation that is 
observed in a metalloenzyme.17 
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Figure 2.3.  Distribution of sites present in a platinum-containing MIP. 
 
2.3 Dendritic P2Pt(BINOL) Complexes for Molecular Imprinting 
 
 To best resemble a metalloenzyme, these MIPs must contain identical sites 
throughout the polymer matrix.  Identical sites can only be created when the environment 
directly surrounding the platinum atom is specifically controlled during the polymerization 
process.  In an attempt to better engineer the interface between the platinum site and the 
                                                 
17 Carey, J. R.; Ma, S. K.; Pfister, T. D.; Garner, D. K.; Kim, H. K.; Abramite, J. A.; Wang, Z.; Guo, Z.; Lu, 
Y.  J. Am. Chem. Soc. 2004, 126, 10812-10813. 
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surrounding polymer matrix, dendritic diphosphine ligands18 were developed to enable 
chemical, compositional and structural control over the outer-sphere of the platinum site.  It 
was hoped that this would result in a more homogeneous distribution of sites within the MIP.  
 Metallomonomers 2, 3 and 4 (Scheme 2.1) were synthesized and incorporated into 
MIPs.19  These metallomonomers are comprised of a polymerizable diphosphine ligand to 
which benzyl ether dendrons were attached.  The polymerizable dendrons surround the 
platinum atom and are thus responsible for generating the polymer matrix at the active site: 
the outer-sphere.  It was found that the MIPs synthesized from the dendritic 
metallomonomers 2, 3 and 4 showed a much smaller increase in reactivity and 
enantioselectivity for a BINOL exchange reaction with increased reaction temperature as 
compared to metallomonomers prepared from metallomonomer 1.  This observation was 
taken to indicate that the MIPs prepared from the dendritic metallomonomers contained a 
narrower distribution of sites than the MIPs prepared from the non-dendritic 
metallomonomer because an ideal MIP, one with identical platinum sites, would not show 
this unusual increase in reactivity and enantioselectivity with temperature.  However, it was 
also found that the platinum sites in the MIPs prepared from 2, 3, and 4 were much less 
enantioselective overall (cf. 1). 
 
                                                 
18 Balaji, B. S.; Obora, Y.; Ohara, D.; Koide, S.; Tsuji, Y.  Organometallics 2001, 20, 5342-5350. 
 
19 Becker, J. J.; Gagné, M. R.  Organometallics 2003, 22, 4984-4998. 
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2.4 Conformational Analysis 
 
 The source of the lower selectivity in the MIPs prepared from dendritic 
metallomonomers was thought to be due to the conformationally flexible nature of the benzyl 
ether linkages in the dendrons.  This flexibility allows the dendrons to adopt a large number 
of conformations around the platinum atom during polymerization.  This array of 
conformations (conformational heterogeneity), while similar enough at each platinum atom 
to account for the narrower site distribution, also resulted in platinum sites that were less 
selective. The conformational flexibility of the ether linkage in these dendrons is a 
consequence of the relatively low barrier to rotation around the C-O bond.  This barrier is 
lower in an ether than in an alkane due to fewer H-H eclipsing interactions.  As shown in 
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Figure 2.4, the ether has a wide range of conformations available that are less than 2 kcal/mol 
less favored than the lowest energy conformation.  In contrast, resonance structures add an 
increased amount of double bond character to the C-O bond of an ester resulting in much 
higher barriers to rotation.20  As a result, there is a much larger preference for the ester to 
exist in the lowest energy trans conformation.  This rotamer of the phenyl benzoate ester 
structure (shown in Figure 2.4) is further stabilized due to the conjugation of one phenyl ring 
with the pi system of the ester.  The other phenyl ring has a slight (~2 kcal/mol) preference to 
exist in a plane orthogonal to the pi system of the ester.21 
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Figure 2.4.  Rotational conformational analysis: left, lowest energy trans conformations for 
1,2-diphenylethane, phenyl benzyl ether, and phenyl benzoate; right,  relative energy of 
rotational conformers of 1,2-diphenylethane (red line), phenyl benzyl ether, (green line) and 
phenyl benzoate (blue line) as a function of the dihedral angle defined by atoms 1, 2, 3 and 4. 
 
 We hoped that by rigidifying the dendrons in metallomonomers 2, 3 and 4 by 
substituting ester linkages for the ether linkages, the conformational heterogeneity of the 
                                                 
20 Eliel, E. L.; Wilen, S. H.; Mahler, L. N.  Conformation of Acyclic Molecules.  Stereochemistry of Organic 
Compounds; John Wiley & Sons: New York, 1994; pp 597-624. 
 
21 The data in Figure 2.4 were generated by driving the relevant dihedral angle in 10° increments with full 
optimization at each step (RHF-6-31G*) as implemented in Macspartan 2002. 
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polymers would be decreased, and thus result in a more selective imprint while retaining the 
narrow site distribution obtained using the dendritic metallomonomers.  To determine the 
effect of increased dendritic rigidity in metallomonomers on the site heterogeneity and 
overall selectivity of MIPs, we chose to replace the benzyl ether linkage in 2, 3, and 4 that is 
closest to the metal core with an ester linkage.  Moreover, this approach provided a 
significant easing of the synthetic burden (vide infra). 
 The effect of structural changes on the conformational diversity of just one of the 
diphosphine dendritic arms was explored through conformational analysis which was 
performed to semi-quantitatively analyze the effect of substituting an ester linkage for an 
ether linkage.  While this approach perhaps oversimplified the structure of the dendritic 
phosphines, which of course contain four identical dendrons, we hoped that it would still be 
informative.  The guiding concept in these analyses was that a dendron containing fewer low 
energy conformers should provide a more effective and selective imprint than one with many 
low energy conformers. 
 A variety of different dendritic architectures were subjected to a semiempirical Monte 
Carlo conformer search.  The data were generated in Macspartan 2002 by first doing a Monte 
Carlo conformer distribution analysis with molecular mechanics (MMFF), keeping all 
minima within 10 kcal/mol of the global minimum.  A semiempirical (AM1) geometry 
optimization of each local minimum was then carried out.  The duplicate structures were 
removed from the data set, and each remaining structure was normalized to the global 
minimum and plotted in histogram fashion (Figure 2.5). 
  17
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Figure 2.5.  Histograms for single dendron structures. 
 
 As one might expect from the analysis in Figure 2.5, the substitution of an ester 
linkage for an ether linkage (A vs B) reduced the total number of local minima within 5.5 
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kcal/mol of the lowest energy conformer.  Additionally, the distribution of structures in the 
ester linked dendron (B) was shifted closer to the global minimum as compared to the ether 
linked dendron (A). 
 The effect of the substitution pattern on the conformer distribution was also 
examined.  The local minima for 2,3-disubstituted dendron (C) have a much broader 
energetic distribution as compared to the symmetric 3,5-disubstituted dendron (B) although 
there are fewer local minima for the 2,3-disubstituted dendron.  This wider distribution of 
conformers indicated a higher diversity in structures and this was taken to suggest that this 
dendron might result in a less selective imprint when four of them were incorporated into a 
phosphine and used for imprinting.  The conformer distribution of 2,4-disubstituted dendron 
(D) was similar to the conformer distribution of  3,5-disubstituted dendron (B) with the 
addition of a number of higher energy conformers. 
 The increased intra-dendrimer interactions in the more congested 2,3,4-trisubstituted 
dendron (F) results in a drastic reduction in the number of conformation minima as compared 
to the 3,4,5-trisubstituted case.  The very broad distribution of a large number of local 
minima in G was taken to mean that substitution of a naphthalene unit at the center of the 
dendritic unit would result in an unselective imprint. 
 The histograms in Figure 2.5 pictorially represent the energetic profiles of only a 
single dendron.  It must be stressed that the actual metallomonomers are comprised of four 
dendritic units attached to a single phosphine core.  Therefore, the conformations of a 
metallomonomer will consist of a sum of the conformations for each of the four individual 
dendrons.  Obviously, the relative energy of the conformers will be affected by the inter-
dendron interactions in the space surrounding the phosphine core, which will further 
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complicate a realistic analysis of the metallomonomer structure.  This spatial interaction is 
especially important for the ortho-substituted dendrons (C, D, F and G), which project some 
of the dendrons towards the position that would be occupied by the core of the phosphine 
ligand and thus not be truly accessible. 
 Because lower energy conformers will be more populated than those conformers of 
higher energy, a Boltzmann distribution22 gives a more accurate representation of the data 
represented in the histograms shown above.  The semiquantitative analysis was continued by 
calculating, based on a Boltzmann distribution at 60 °C (the polymerization temperature), the 
contribution of each conformer to the ensemble.  The results are shown in Figure 1.6 and 
summarized in Table 2.1.  (See also Appendix A.) 
 For the ether (A), even though there are many conformers within 5.5 kcal/mol of the 
global minimum, the lowest energy conformer comprises 14% of the Boltzmann distribution, 
with the 3 conformers within 0.5 kcal/mol of the global minimum comprising a total of 31% 
of the Boltzmann distribution.  The eight conformers within 1.0 kcal/mol account for over 
half (54%) of the Boltzmann distribution (red line, Figure 2.6).  The ester linkage results in a 
Boltzmann distribution (green line, Figure 2.6) where the lowest energy conformation 
accounts for only 9% of the total conformers.  However, the nine conformers within 0.5 
kcal/mol of the global minimum comprise 62% of the total Boltzmann distribution, and 81% 
of the conformers lie within 1.0 kcal/mol of the global minimum. 
 For the 2,3-disubstituted dendron (blue line, Figure 2.6), the lowest energy conformer 
accounts for 29% of the Boltzmann distribution, and 45% of the Boltzmann distribution is 
comprised of the two conformers within 0.5 kcal/mol of the global minimum.  The five 
                                                 
22 Atkins, P. W. Physical Chemistry; W. H. Freeman and Company: New York, 1994; p 14. 
  20
conformers within 1.0 kcal/mol of the global minimum account for 71% of the total 
Boltzmann distribution. 
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Figure 2.6.  Boltzmann distribution at 60 °C for single dendron structures. 
 
 These data clearly indicate a more complex structural picture than the histograms 
alone.  A steeper Boltzmann distribution curve means that fewer conformers are contributing 
to the ensemble.  The contrast between A (ether) and B (ester) was especially informative.  
Even though the ester (B) contained fewer local minima than the ether, these conformers 
tended to be closer in energy to the global minimum and therefore contribute more to the 
Boltzmann distribution.  (The Boltzmann distribution has a lower slope and more points in 
the 0-0.5 kcal/mol range.)  The histogram A shows many more conformers, but these tended 
to be further from the global minimum in energy, and therefore they contribute less to the 
Boltzmann distribution.  This indicates that, at least at this crude level of analysis, the benzyl 
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ether dendron may in fact be populated by fewer accessible conformers than the more rigid 
phenyl benzoate dendron. 
Table 2.1.  Summary of Boltzmann distribution analysis. 
 
Dendron  0.0 kcal/mol ∆E < 0.5 kcal/mol ∆E < 1.0 kcal/mol 
A 14% 31% 3 conformers 54% 8 conformers 
B 9% 63% 9 conformers 81% 17 conformers 
C 29% 45% 2 conformers 71% 5 conformers 
D 8% 64% 11 conformers 79% 17 conformers 
E 8% 44% 4 conformers 69% 9 conformers 
F 17% 50% 4 conformers 98% 12 conformers 
G 13% 44% 4 conformers 88% 14 conformers 
 
 The 2,3-disubstituted dendron (C) gives the Boltzmann distribution with the highest 
slope (fewest conformers in the 0-0.5 kcal/mol range).  When the three lowest energy 
conformers (57% of the total ensemble) are superimposed, it can be seen that the benzyl ether 
arms project in roughly the same region of space (Figure 2.7).  This structural similarity is 
expected to increase the conformational homogeneity of the active sites. 
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0.00 kcal/mol + 0.35 kcal/mol
+ 0.61 kcal/mol  
Figure 2.7.  Lowest energy conformers of the 2,3-disubstituted dendron: carbon, gray; 
hydrogen, blue; oxygen, red. 
 
2.5 Synthesis 
 
 In addition to the conformational benefits of inserting a more rigid ester linkage into 
the dendrons, we also recognized that this approach offered a significant synthetic advantage 
over the method used to synthesize the benzyl ether dendrons (Scheme 2.2).  The benzyl 
ether dendrons were synthesized via a convergent approach23 in which the key step was a 
sensitive P-C bond formation.  We envisioned that the ester metallomonomers could be 
synthesized via a similar convergent approach by coupling a hydroxy-functionalized 
phosphine core to a carboxylic acid-terminated dendron to form the ester linkage through a 
                                                 
23 (a) Grayson, S. M.; Fréchet, J. M. J.  Chem. Rev. 2001, 101, 3819-3867.  (b) Hawker, C. J.; Fréchet, J. M. J.  
J. Am. Chem. Soc. 1990, 112, 7638-7647. 
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synthetically facile step.  This synthetic scheme offers a modular approach in that a wide 
variety of dendrons can be quickly and easily attached to a single phosphine core to produce 
a number of dendritic phosphines ligands for use in these platinum-containing MIPs. 
Scheme 2.2 
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 The synthesis of the hydroxy-functionalized phosphine core was accomplished as 
shown in Scheme 2.3.  Addition of the Grignard of 4-bromophenol protected as the tert-
butyldimethylsilyl (TBDMS) ether to 1,2-bis(dichlorophosphino)ethane followed by borane 
protection furnished the phosphine dppe-OTBDMS.  The TBDMS protecting groups were 
removed by the addition of tetrabutylammonium fluoride (TBAF) to give the desired 
phosphine dppe-OH in moderate overall yield.  The phosphine was isolated with 1 
equivalent of tetrabutylammonium cation which could not be removed by treatment with 
hydrochloric acid and repeated precipitation.  The absence of a 1H NMR resonance 
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corresponding to the phenol proton indicated that the phosphine is obtained as a monoanion 
wherein rapid proton exchange is occurring. 
Scheme 2.3 
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 The carboxylic acid-terminated dendrons were prepared via a standard Fréchet aryl 
ether synthesis from the appropriate di- or tri-hydroxybenzoic acids or methyl benzoates 
using potassium carbonate, 18-crown-6 ether as a phase transfer agent, and catalytic 
tetrabutylammonium iodide (TBAI) in refluxing acetone (Scheme 2.4).23  The resultant 
dendritic esters were then hydrolyzed using potassium hydroxide in refluxing ethanol24 or 2-
propanol to reveal the free carboxylic acid terminus.  Dendrons G1-COOH, G1(2,3)-
COOH, G1(2,4)-COOH, G1t-COOH, G1t(2,3,4)-COOH and G1n-COOH were 
synthesized in this manner. 
                                                 
24 Van Nunen, J. L. M.; Folmer, B. B. B.; Nolte, R. J. M.  J. Am. Chem. Soc. 1997, 119, 283-291. 
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Scheme 2.4 
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 The dendritic diphosphine ligands were then accessed by utilizing a DCC-mediated 
(1,3-dicyclohexylcarbodiimide) coupling of the acid and dppe-OH (Scheme 2.5).  The 
presence of the tetrabutylammonium cation did not appear to interfere with this reaction.  
The borane protecting groups were then removed by treatment of the phosphine with 1,4-
diazabicyclo[2.2.2]octane (DABCO).  Other standard deprotection procedures using 
diethylamine, morpholine, or tetrafluoroboric acid were incompatible with the ester linkage 
and/or the vinyl functionality.  The resultant phosphines, fortuitously, were stable to air 
exposure.  The dendrons shown in Scheme 2.4 as well as 4-vinylbenzoic acid were attached 
in this manner to form diphosphine ligands for use in MIPs. 
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Scheme 2.5 
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 Metallomonomers 5-11 (Scheme 2.6) were synthesized from the diphosphines in 
three efficient steps from (1,4-cyclooctadiene)PtCl2.  The diphosphine ligands were first 
coordinated to platinum by displacement of the 1,4-cyclooctadiene (COD) ligand to form the 
P2PtCl2 compounds.  The platinum dichloride was then converted to the platinum carbonate 
by the addition of silver carbonate in wet dichloromethane.25  The desired metallomonomers 
were then obtained by the addition of (S)-BINOL to the platinum carbonates.  Excess BINOL 
was removed by washing with diethyl ether and the metallomonomers were obtained as 
yellow powders in good overall yields for the three-step synthesis (Scheme 2.6). 
                                                 
25 Andrews, M. A.; Gould, W. T.; Koenig, K. S.; Voss, E. J.  J. Inorg. Chem. 1996, 35, 5478-5483. 
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Scheme 2.6 
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 The MIPs were synthesized from metallomonomers 5-11 by heating to 60 °C under 
nitrogen a solution of metallomonomer (1.5 mol%) and AIBN (1 mol%) in ethylene glycol 
dimethacrylate (EDMA, 97.5 mol%) and chlorobenzene (equal volume to the EDMA) as 
shown in Scheme 2.7.  This composition was shown previously to produce polymers with 
very high surface areas (460 m2/g).26  The solutions gelled within 5 minutes at 60 °C, and 
after 24 hours, yellow monolithic polymers were obtained.  The chlorobenzene porogen was 
removed by soxhlet extraction with dichloromethane for 6 hours.  The polymers (P-5 - P-11) 
                                                 
26 Santora, B. P.; Gagné, M. R.  Macromolecules, 2001, 34, 658-661. 
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were then dried overnight under vacuum to yield MIPs containing a theoretical platinum 
content of 60-65 µmol Pt/g dry polymer. 
Scheme 2.7 
 
O
OP
Pt
P
O O
O O
O
OP
Pt
P
5-11 1.5 mol%
97.5 mol% EDMA
1 mol % AIBN
PhCl (equal volume to EDMA)
60 oC, 24h
Ar
Ar
ArAr O
O
O
O
P-5 - P-11  
 
2.6 Site Accessibility 
 
 During the polymerization process, a small amount of BINOL was cleaved from the 
metallomonomer.  This BINOL was recovered from the soxhlet extraction filtrate and 
quantified by HPLC analysis.  The average results from three separate polymer preparations 
are summarized in Table 2.2.  Loss of BINOL during polymerization occurs to a greater 
extent, expressed as a percentage of theoretical platinum sites, with the dendritic 
metallomonomers 2-11 than with the nondendritic metallomonomer 1.  Previous experiments 
showed that the amount of BINOL loss during polymerization could be correlated to the 
basicity of the phosphine ligand.19  Less BINOL loss was observed for more electron 
deficient ligands.27  The benzyl ether dendritic metallomonomers 2, 3 and 4 were modified 
with two chlorine substituents to decrease BINOL loss during polymerization; without the 
chlorine substituents, BINOL loss was substantial (20-40% of the theoretical platinum sites). 
                                                 
27 Hansch, C.; Leo, A.; Taft, R. W.  Chem. Rev. 1991, 91, 165-195. 
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In contrast, the electron-withdrawing character of the ester moeity is sufficient to limit 
BINOL loss during polymerization to 10% or less of the theoretical platinum sites. 
Table 2.2.  BINOL cleaved during polymerization process. 
 
Metallomonomer % Pt Sites 
1 <1 
2 1 
3 7 
4 2 
5 9 
6 3 
7 6 
8 6 
9 4 
10 7 
11 10 
 
 The total number of accessible sites (surface sites and desired sites as shown in Figure 
2.3) was quantified by cleaving the BINOL ligands from the polymer with concentrated 
hydrochloric acid.  This procedure generates the platinum dichloride polymer and free 
BINOL which can be removed from the polymer by soxhlet extraction, recovered, and 
quantified by HPLC analysis (reported as an average of three separate polymer preparations).  
The amount of BINOL isolated corresponds to the number of sites with an available pathway 
for BINOL egress: the accessible sites, expressed as a percentage of total platinum sites in 
the polymer (Figure 2.8).  Because the polymers changed from bright yellow to white after 
treatment with hydrochloric acid, it was assumed that the platinum sites were quantitatively 
converted to platinum dichloride and free BINOL, and that the only hindrance to BINOL 
recovery was the polymer matrix.  The free BINOL cannot be removed from buried sites 
(those sites completely encapsulated by the polymer matrix). 
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Figure 2.8.  Total site accessibility in MIPs. 
 
 The MIPs prepared from dendritic metallomonomers 2-11 all have fewer accessible 
sites than the MIP prepared from nondendritic metallomonomer 1.  Presumably, this is a 
result of increased steric bulk at the metal atom due to the presence of the bulky dendritic 
arms.  For MIPs prepared from ester dendritic metallomonomers, there was a generational 
dependent decrease in the total accessible sites (P-5, P-6, and P-9), which was also observed 
in MIPs prepared from ether dendritic metallomonomers.19  As the size and number of the 
dendritic arms increased (the generation increases), the number of accessible sites decreased.  
Polymers synthesized from the trisubstituted dendrons (P-4, P-9 and P-10) had the fewest 
number of accessible sites while P-2 and P-5 had the largest percentage of accessible sites 
among the MIPs prepared from dendritic metallomonomers. 
 From the data in Figure 2.8, we concluded that the substitution of an ester linkage for 
an ether linkage had little effect on the total site accessibility of MIPs prepared from these 
dendritic metallomonomers.  The substitution pattern of the dendrons also did not greatly 
affect the total number of accessible sites.  The MIP prepared from the 3,5-disubsituted ester 
dendritic metallomonomer (P-6) had similar accessibility as compared to P-7 and P-8 (2,3-
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disubsituted and 2,4-disubsituted metallomonomers respectively).  The same was true for the 
trisubstituted cases P-9 and P-10 (3,4,5-trisubstituted and 2,3,4-trisubstituted 
metallomonomers). 
2.7 Site Reactivity and Enantioselectivity 
 
 The MIPs were also characterized with respect to a ligand exchange reaction to 
determine the reactivity (% of sites that exchange the original (S)-BINOL ligand for a 
rebound ligand) and enantioselectivity of the platinum sites (Scheme 2.8).  The polymers 
were treated with an excess (20 equivalents with respect to the theoretical platinum content 
of the polymer) of Br2BINOL ((±)-6,6’-dibromo-1,1’-bi-2-naphthol) in a 6:1 mixture of 
chlorobenzene and water at either 60 °C or 120 °C.  Those sites able to accommodate the 
associative exchange mechanism displaced (S)-BINOL in favor of the more acidic 
Br2BINOL ligand.  Some sites, though accessible as quantified by BINOL cleavage by 
hydrochloric acid, were too hindered for Br2BINOL exchange and therefore retain the 
original (S)-BINOL ligand.  After the exchange reaction, the polymer was washed with 
dichloromethane in a soxhlet extractor to remove excess Br2BINOL and any excised (S)-
BINOL.  The BINOL species remaining in the polymer were then cleaved with hydrochloric 
acid, recovered by soxhlet extraction, and quantified by chiral HPLC analysis to determine 
the reactivity of the polymer (i.e. the number of sites that exchanged (S)-BINOL for 
Br2BINOL) and the enantiomeric excess of the rebound Br2BINOL (i.e. the overall 
enantioselectivity of the polymer). 
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Scheme 2.8 
 
 
 
 An ideal MIP, one that most closely resembles a homogeneous enzyme active site, 
should contain identical platinum sites that each react to exchange Br2BINOL at the same 
rate and with the same enantioselectivity.  Because these MIPs contain a heterogeneous 
distribution of sites, differences in reactivity and selectivity were observed with the rebinding 
temperature, with the more selective sites reacting at higher temperatures.16,19  The exchange 
reaction was carried out at 60 °C and 120 °C and the difference in reactivity and selectivity 
were correlated to the site heterogeneity of the polymers.  A smaller increase in the number 
of reactive platinum sites along with a smaller increase in enantioselectivity should be 
observed for more homogeneous MIPs; polymers with a wide distribution of sites 
(heterogeneous polymers) should show large variations with temperature.  The results for the 
Br2BINOL exchange reactions (average of three separate polymer preparations) are shown in 
Figures 2.9 and 2.10. 
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 At the lower rebinding temperature (60 °C), 33% of the platinum sites in P-1 reacted 
to exchange Br2BINOL and at the higher temperature (120 °C), 51% of the platinum sites 
reacted.  This large increase of 18% platinum sites was indicative of a heterogeneous site 
distribution in the polymer.  The MIPs prepared from ether dendritic metallomonomers (P-2, 
P-3 and P-4) show much smaller increases in reactivity with temperature (1%, 7% and 10% 
of sites respectively) indicative of a more homogeneous site distribution.  The corresponding 
ester dendritic metallomonomers gave polymers (P-5, P-6 and P-9) with intermediate site 
heterogeneity (increases of 13%, 11% and 1%).  There was no apparent systematic effect on 
the site reactivity when the ester linkage was substituted for an ether linkage in the dendritic 
metallomonomers (compare P-2 with P-5, P-3 with P-6 and P-4 with P-9). 
 Notably, the polymers prepared from metallomonomers with ortho substitution on the 
dendrons (P-8, P-10 and P-11) were less reactive towards BINOL exchange and these 
polymers also tended to show very little increase in reactivity with temperature.  In fact, the 
reactivity of the platinum sites in P-10 and P-11 actually decreased with increasing 
temperature, a puzzling observation, especially when combined with the enantioselectivity of 
these polymers (vide infra).  
 In general, the polymers prepared from ester dendritic metallomonomers (P-5 through 
P-11) exchanged Br2BINOL with higher overall enantioselectivity than the polymers 
prepared from ether dendritic metallomonomers.  This observation supports the hypothesis 
that rigidifying the dendritic arms with ester linkages would result in a more selective imprint 
due to decreased conformational heterogeneity. 
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Figure 2.9.  Reactivity of MIPs: 60 °C (black bars);120 °C (gray bars). 
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Figure 2.10.  Enantiomeric excess of the Br2BINOL rebound by MIPs: 60 °C (black bars); 
120 °C (gray bars). 
 
 However, polymers P-5 through P-11 also tended to show larger increases in the 
enantioselectivity of the exchange reaction, an observation that previously was ascribed to 
active site heterogeneity.  Curiously, polymers P-10 and P-11, which actually showed a 
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decrease in reactive platinum sites with rebinding temperature, also showed increases in 
enantioselectivity with temperature.  This observation was the opposite of the expected result 
based on the original hypothesis that it is the accessibility of more selective sites at higher 
temperatures that is responsible for the increased reactivity and selectivity. 
2.8 Site Deactivation 
 
 For P-10 and P-11, the unexpected observation that the enantioselectivity increased 
with rebinding temperature even though fewer platinum sites reacted at the higher 
temperature was puzzling.  It was also observed that the total amount of BINOL species 
cleaved from the rebound polymers was significantly less than the amount of BINOL species 
expected based on the number of accessible sites contained in the polymers.  Furthermore, 
the total amount of BINOL cleaved from the polymers after thermolysis at 120 °C was less 
than the amount of BINOL cleaved from the polymers after thermolysis at 60 °C.  These 
observations led us to believe that a separate mechanism for site deactivation was active and 
resulted in platinum sites prematurely losing (S)-BINOL during the rebinding process but not 
rebinding Br2BINOL. 
 The extent of site deactivation in these polymers could be quantified by subtracting 
the amount of total BINOL species recovered from the polymers after the rebinding reaction 
from the number of accessible sites present in these polymers before the rebinding process.  
In the absence of site deactivation, the amount of (S)-BINOL and Br2BINOL cleaved from 
the polymers after rebinding should exactly equal the amount of (S)-BINOL cleaved from the 
polymers before rebinding (total site accessibility, Figure 2.8).  In all cases, the number of 
total accessible sites was greater than the amount of BINOL cleaved from these polymers 
after the rebinding reactions (average of three separate polymer preparations, Figure 2.11). 
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Figure 2.11.  Platinum sites deactivated during rebinding: 60 °C (black bars); 120 °C (gray 
bars). 
 
 Because more sites were deactivated at the higher rebinding temperature for all 
polymers studied, it was thought that the mechanism for site deactivation was thermolytic.  
To test this hypothesis, samples of P-5 and P-6 were subjected to the rebinding conditions in 
the absence of Br2BINOL (12h at 120 °C in 6:1 chlorobenzene/water).  The polymers were 
then washed in a soxhlet extractor to recover any free (S)-BINOL for quantification.  The 
thermolyzed polymers were then treated with hydrochloric acid to cleave any remaining (S)-
BINOL which was recovered by soxhlet extraction and quantified.  The results are 
summarized in Table 2.3. 
Table 2.3.  Thermolytic site deactivation in P-5 and P-6. 
 
Polymer P-5 P-6 
Accessible Pt Sites (%)b 87 81 
BINOL Lost (%)c 14 19 
BINOL Cleaved (%)d 74 62 
Total Sites (%)e 88 80 
 
bBefore thermolysis.  cRecovered after thermolysis at 120 °C for 12 h.  dResidual BINOL remaining in 
polymer after thermolysis.  eBINOL lost + BINOL cleaved. 
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 It was found that (S)-BINOL was lost from 14% of the platinum sites in P-5 and 19% 
of the platinum sites in P-6 during thermolysis at 120 °C.  After cleavage, (S)-BINOL was 
recovered from an additional 74% of platinum sites in P-5 and 62% of platinum sites in P-6.  
Therefore, (S)-BINOL was recovered from 88% of the platinum sites in P-5 (14% + 74%) 
and 80% of the platinum sites in P-6 (19% + 62%).  This agrees closely with the total 
accessible sites in the polymers quantified before thermolysis (87% for P-5, 81% for P-6).  
Additionally, the number of platinum sites deactivated during the thermolysis process as 
quantified by the amount of (S)-BINOL lost, is equal to the number of platinum sites 
deactivated during the rebinding process (Figure 2.11, 15% for P-5 and 18% for P-6).  This 
experiment proves that the deactivation of platinum sites observed during the rebinding 
process is a result of thermolytic cleavage of the (S)-BINOL ligand. 
 To further investigate the mechanism of BINOL loss from the polymers at elevated 
temperatures, we studied the thermolysis of 12 (Scheme 2.9), a non-polymerizable analog of 
metallomonomer 5.  After 14 hours thermolysis at 120 °C in a 6:1 mixture of chlorobenzene 
and water, complete decomposition of 12 was observed by 31P NMR analysis.  A mixture of 
unidentified phosphorus-containing compounds with chemical shifts ranging from 30 to 50 
ppm was obtained.  A solid precipitate, presumably platinum black, was also observed in the 
NMR tube.  Similar thermolysis of (dppe)Pt((S)-BINOL), 13 (Scheme 2.9), resulted in only 
slight decomposition.  After 14 hours thermolysis at 120 °C in a 6:1 mixture of 
chlorobenzene and water, only a trace of 13 had decomposed (apparently to (dppe)PtCl2).  
The possibility that the platinum sites in the polymer were abstracting chlorine atoms from 
the chlorinated solvent to form an inactive platinum dichloride species was considered.  
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However, BINOL loss was still observed when P-5 was heated to 120 °C for 12 hours in a 
6:1 mixture of toluene and water. 
 
Scheme 2.9 
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 The complete decomposition observed for the solution-based thermolysis of 12 
indicated that the metallomonomers were indeed prone to solution thermolysis.  However, 
because only a fraction of platinum sites are deactivated in the MIPs, the effects of solution 
thermolysis are significantly mitigated when the metallomonomer was contained within the 
polymer environment. 
 The increase in enantioselectivity with rebinding temperature was previously 
attributed to the reaction of additional, more selective sites in the polymers at higher 
temperature.  This hypothesis can not explain the increase in enantioselectivity observed at 
higher rebinding temperatures for P-10 and P-11, the polymers for which a decrease in 
reactive sites at the higher rebinding temperature was observed indicating that fewer sites 
reacted to exchange Br2BINOL at the higher rebinding temperature.  The decrease in 
reactivity coupled with an increase in enantioselectivity indicates that the thermolytic 
deactivation process must preferentially deactivate the less selective sites.  Therefore, as the 
rebinding temperature increases, more selective sites become reactive and less selective sites 
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become deactivated.  Both of these phenomena result in increased overall enantioselectivity 
for the polymers.  The less selective sites are less protected by the polymer matrix and must 
therefore be more prone to solution thermolysis.  The idea of a polymer that self-deactivates 
its least selective sites is as intriguing as it is difficult to fully explain. 
2.9 Summary 
 
 A number of platinum-containing MIPs were prepared from metallomonomers 
comprised of dendritic phosphine ligands with comparatively rigid ester linkages containing 
variable arrangements of polymerizable arms.  The reactivity and enantioselectivity of these 
polymers with respect to a BINOL ligand exchange reaction was investigated to determine 
which structural elements of the dendritic phosphine ligands were essential to achieving 
optimum selectivity and site homogeneity.  The incorporation of the ester linkage into the 
dendritic phosphine ligands improved the enantioselectivity of the MIPs towards the BINOL 
exchange reaction as compared to dendritic phosphines constructed with a more flexible 
benzyl ether linkage.  A mechanism for BINOL cleavage was found to compete with the 
BINOL exchange process in these MIPs.  This BINOL cleavage preferentially rendered the 
less selective platinum sites inactive to BINOL exchange, effectively increasing the overall 
enantioselectivity of the MIPs while decreasing the overall reactivity. 
 Significant challenges remain to obtaining catalytic MIPs that closely mimic the 
efficiency and selectivity of metalloenzymatic catalytic systems.  The unexpected site 
deactivation observed in these MIPs made it impossible to meticulously characterize the 
polymers with respect to the heterogeneity of sites on the sole basis of reactivity and 
selectivity variations with temperature.  However, these polymers do exhibit enantioselective 
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molecular recognition for BINOL at the platinum sites as a result of outer-sphere control by 
the polymer matrix. 
2.10 Experimental 
 
 General Methods.  Racemic Br2BINOL,28 (COD)PtCl2,29 G1-CO2Me and G1t-
CO2Me19 were synthesized according to literature procedures.  The platinum complexes 
P2PtCl2, P2PtCO3, and P2Pt(BINOL) were synthesized by procedures similar to those 
published for dppe analogs16,30  All chemicals were purchased from Aldrich except 1,2-
bis(dichlorophosphino)ethane (Strem) and (S)-BINOL (Kankyo Kagaku Center Co., Ltd., 
Japan), and used as received.  Before use, acetone was distilled from calcium sulfate.  
Tetrahydrofuran, dichloromethane and toluene were passed through a column of activated 
alumina.  Chlorobenzene was distilled from P2O5 and freeze-pump-thaw degassed before use 
in polymerizations, but was used as received for rebinding experiments.  AIBN (2,2’-
azobis(isobutyro)nitrile) was recrystallized from methanol, dried in vacuo, and stored under 
nitrogen at -35 °C.  EDMA (ethylene glycol dimethacrylate) was washed twice with aqueous 
1 M NaOH and once with brine to remove inhibitor, dried over MgSO4, filtered, distilled 
(105 °C/1 mmHg), freeze-pump-thaw degassed, and stored under nitrogen at -35 °C.  
Polymerizations were performed in an MBraun LabMaster 100 glovebox.  Reactions 
performed under nitrogen were carried out using standard Schlenk techniques. 
 NMR spectra were recorded on either a Bruker Avance 300 or a Bruker Avance 400 
spectrometer.  Chemical shifts are reported in ppm and are referenced to the residual solvent 
                                                 
28 Cram, D. J.; Sogah, G. D. Y.  J. Am. Chem. Soc. 1979, 101, 3035-3042. 
 
29 McDermott, J. X.; White, J. F.; Whitesides, G. M.  J. Am. Chem. Soc. 1976, 98, 6521-6527. 
 
30 (a) Gugger, P.; Limmer, S. O.; Watson, A. A.; Willis, A. C.; Wild, S. B.  Inorg. Chem. 1993, 32, 5692-
5696. (b) Brunkan, N. M.; White, P. S.; Gagné, M. R.  Angew. Chem., Int. Ed. 1998, 37, 1579-1582. 
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peaks (1H and 13C NMR) or to an external standard (85% H3PO4, 31P NMR).  The dendritic 
P2PtCl2 compounds were not soluble enough in chloroform to allow carbon spectra to be 
recorded even overnight.  Many of the carbon signals in G1t(2,3,4) and the Pt(BINOL)s 
overlap, and therefore signals were not detected for all carbons in the compounds.  Carbon 
spectra for phosphorus-containing compounds were recorded while decoupling both 
hydrogen and phosphorus nuclei.  Microanalysis for dppe-OTBDMS and dppe-OH was not 
obtained because these compounds did not combust completely for elemental analysis (∆%C 
was repeatedly >10%).  Microanalysis of the P2Pt(BINOL) compounds was not obtained 
because these compounds tend to retain traces of solvent. 
 HPLC analysis was performed on a Hewlett-Packard Series 1100 instrument, using a 
Daicel Chiralcel OD-H column (95% hexanes/5% ethanol, 0.8 mL/min flow rate).  UV 
absorbance chromatograms were recorded at wavelengths of 220, 232, 254, 289 and 333 nm 
and compared to calibration curves to determine analyte concentration. 
 TBDMS 4-bromophenol.  A solution of 4-bromophenol (10.0 g, 58 mmol) and 
imidazole (5.9 g, 87 mmol) in 200 mL dimethylformamide was cooled to 0 °C, and tert-
butyldimethylsilylchloride (TBDMS-Cl, 9.6 g, 64 mmol) was added.  The solution was 
stirred for 12 hours and allowed to warm to room temperature.  A saturated aqueous solution 
of ammonium chloride (100 mL) was added, and the mixture was extracted with 200 mL 
ethyl acetate.  The ethyl acetate was washed with 100 mL 0.5 M NaOH and with 100 mL 
brine, dried over magnesium sulfate, and filtered.  The solvent was removed in vacuo to give 
TBDMS 4-bromophenol (15.5 g, 93% yield).  1H NMR: (400 MHz, CDCl3, δ): 7.34 (d, J = 
8.4 Hz, 2H), 6.74 (d, J = 8.4 Hz, 2H), 1.02 (s, 9H), 0.22 (s, 6H).  13C NMR: (100.6 MHz, 
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CDCl3, δ): 155.1, 132.6, 122.2, 113.9, 26.0, 18.5, -4.2.  Anal. Calcd for C12H19BrOSi: C, 
50.17; H, 6.67.  Found: C, 50.02; H, 6.68.   
 dppe-OTBDMS.  Magnesium turnings (2.0 g, 84 mmol) were flame dried inside a 
100-mL Schlenk flask.  The flask was cooled and 2.0 mL THF was added, followed by 0.25 
mL (4.3 mmol) methyl iodide.  The mixture was stirred for several minutes until cloudy.  The 
liquid was removed by cannula and the magnesium was rinsed three times with 2 mL THF.  
A solution of 12.0 g (42 mmol) TBDMS 4-bromophenol in 40 mL THF was added to the 
magnesium and the mixture was refluxed for 3 hours.  After cooling, the solution was filtered 
via cannula from the magnesium into a flame-dried 250-mL Schlenk flask.  The solution was 
cooled to -50 °C and a solution of 1.3 mL (8.4 mmol) 1,2-bis(dichlorophosphino)ethane in 
5.0 mL THF was added dropwise.  The solution was stirred at -50 °C for 4 hours before 
quenching with 2.0 mL deoxygenated methanol.  Borane-tetrahydrofuran complex (60 mL of 
a 1.0 M solution in tetrahydrofuran) was added and the solution was allowed to warm to 
room temperature overnight.  The volume of the solution was reduced in vacuo until white 
solid appeared.  Ethanol (25 mL) was added, and the mixture was stored at -26 °C overnight.  
The white solid was collected by vacuum filtration (5.1 g, 64% yield).  1H NMR: (400 MHz, 
CDCl3, δ): 7.45 (m, 8H), 6.84 (d, J = 8.4 Hz, 8H), 2.22 (br, 4H), 0.95 (s, 36H), 0.19 (s, 24H).  
13C NMR: (75.5 MHz, CDCl3, δ): 158.8, 133.9, 120.8, 120.1, 25.7, 20.3, -4.2.  31P NMR: 
(161.3 MHz, CDCl3, δ): 15.5. 
 dppe-OH.  dppe-OTBDMS (3.0 g, 3.2 mmol) was dissolved in 75 mL THF and 
cooled to 0 °C.  A solution of tetrabutylammonium fluoride (1.0 M in THF, 16 mL) was 
added dropwise.  The solution was allowed to stir 16 h and warm to room temperature.  A 
white precipitate formed.  The volume of the solution was reduced in vacuo to 10 mL and 25 
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mL of ethanol was added to further precipitate the product.  The white solid was collected by 
vacuum filtration and dried in vacuo.  (1.5 g, 64% yield).  1H NMR: (400 MHz, DMSO-d6, 
δ): 7.25 (m, 8H), 6.70 (d, J = 8.4 Hz, 8 H), 3.17 (m, 8H), 2.00 (br, 4H), 1.55 (m, 8H), 1.31 (q, 
J = 7.2 Hz, 8H), 0.94 (t, J = 7.2 Hz, 12H).  13C NMR: (75.5 MHz, DMSO-d6, δ): 164.9, 
134.2, 117.8, 117.7, 114.5, 58.5, 24.0, 21.3, 20.1, 14.4.  31P NMR: (162.1 MHz, DMSO-d6, 
δ): 13.1. 
 G0.  (Method A):  dppe-OH (0.25 g, 0.34 mmol), 4-vinylbenzoic acid (0.25 g, 1.7 
mmol) and 4-(dimethylamino)pyridine (0.13 g, 1.0 mmol) were dissolved in 40 mL 
dichloromethane.  1,3-Dicyclohexylcarbodiimide (0.35 g, 1.7 mmol) was added and the 
mixture was stirred for 16 hours at room temperature under nitrogen.  The reaction was then 
eluted through a pad of silica with 75 mL ethyl acetate.  After removal of the solvent in 
vacuo, methanol was added to the resultant oil to precipitate a solid.  The solid was collected 
by vacuum filtration and rinsed with methanol and hexanes.  The solid was dissolved along 
with 1,4-diazabicyclo[2.2.2]octane (0.15 g, 1.4 mmol) in 30 mL toluene and the solution was 
stirred at 35 °C under nitrogen for 16 hours.  The solution was reduced in volume to 5 mL 
and 25 mL of methanol was added to precipitate the product.  A white solid was collected by 
vacuum filtration, rinsed with methanol, and dried in vacuo to give G0 (0.22 g, 65% yield).  
1H NMR: (400 MHz, CDCl3, δ): 8.12 (d, J = 8.4 Hz, 8H), 7.49 (d, J = 8.0 Hz, 8H), 7.42 (m, 
8H), 7.19 (d, J = 8.4 Hz, 8H), 6.76 (dd, J = 17.6, 10.8 Hz, 4H), 5.89 (d, J = 17.6 Hz, 4H), 
5.41 (d, J = 10.8 Hz, 4H), 2.12 (br, 4H).  13C NMR: (75.5 MHz, CDCl3, δ):165.0, 151.9, 
143.0, 136.3, 135.5, 134.3, 130.9, 128.8, 126.6, 122.3, 117.3, 24.4.  31P NMR: (162.1 MHz, 
CDCl3, δ): -12.6.  Anal. Calcd for C62H48O8P2: C, 75.76; H, 4.92.  Found: C, 75.71; H, 4.95. 
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 (G0)PtCl2.  (Method B):  A solution of G0 (0.20 g, 0.20 mmol) in 10 mL 
dichloromethane was added to a solution of (COD)PtCl2 (0.075 g, 0.20 mmol) in 10 mL 
dichloromethane.  The solution was stirred for 1 hour before the solvent was removed in 
vacuo.  Methanol (20 mL) was added and the white solid was collected by vacuum filtration, 
rinsed with methanol and dried in vacuo to give (G0)PtCl2 (0.21 g, 85% yield).  1H NMR: 
(400 MHz, CDCl3, δ): 8.14 (d, J = 8.0 Hz, 8H), 7.97 (dd, J = 11.8, 8.4 Hz, 8H), 7.53 (d, J = 
8.0 Hz, 8H), 7.38 (dd, J = 8.4, 2.0 Hz, 8H), 6.78 (dd, J = 17.6, 10.8 Hz, 4 H), 5.91 (d, J = 
17.6 Hz, 4H), 5.43 (d, J = 10.8 Hz, 4H), 2.42 (m, 4H).  31P NMR: (162.1 MHz, CDCl3, δ): 
40.7 (JPt-P = 3592 Hz). 
 5.  (Method C):  To a solution of (G0)PtCl2 (0.12 g, 0.095 mmol) in 25 mL 
dichloromethane was added silver carbonate (39 mg, 0.14 mmol) and 5 drops of distilled 
water.  The mixture was stirred at room temperature, protected from light until all the PtCl2 
was converted to PtCO3 as monitored by 31P NMR.  The mixture was filtered through a pad 
of Celite to remove the silver salts.  (S)-BINOL (30 mg, 0.11 mmol) was added to a solution 
of the PtCO3 in 25 mL dichloromethane and the solution was stirred at room temperature 
until 31P NMR showed complete conversion to the Pt(BINOL).  The dichloromethane was 
removed in vacuo and 25 mL diethyl ether was added.  The yellow solid was collected by 
vacuum filtration and rinsed with an additional 25 mL diethyl ether to remove excess 
BINOL.  After drying overnight in vacuo 5, (G0)Pt((S)-BINOL) (0.12 g, 84% yield) was 
obtained.  1H NMR: (400 MHz, CDCl3, δ): 8.19 (d, J = 8.4 Hz, 4H), 8.08 (m, 8H), 7.81 (m, 
4H), 7.68 (d, J = 8.0 Hz, 2H), 7.54 (m, 6H), 7.47 (d, J = 8.4 Hz, 4H), 7.35 (d, J = 7.2 Hz, 
4H), 7.26 (d, J = 7.6 Hz, 4H), 7.06 (m, 2H), 6.96 (m, 4H), 6.79 (dd, J = 17.6, 10.8 Hz, 2H), 
6.74 (dd, J = 17.6, 10.8 Hz, 2H), 6.54 (d, J = 8.8 Hz, 2H), 5.93 (d, J = 17.6 Hz, 2H), 5.87 (d, 
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J = 17.6 Hz, 2H), 5.45 (d, J = 10.8 Hz, 2H), 5.40 (d, J = 10.8 Hz, 2H), 2.23 (m, 4H).  13C 
NMR: (75.5 MHz, CDCl3, δ): 164.8, 164.6, 161.6, 154.2, 154.1, 143.3, 143.2, 136.2, 136.0, 
135.5, 135.1, 134.2, 131.1, 131.0, 129.1, 128.31, 128.27, 127.7, 126.73, 126.68, 126.2, 125.6, 
124.9, 124.6, 123.7, 123.1, 122.9, 121.4, 117.6, 27.6.  31P NMR: (162.1 MHz, CDCl3, δ): 
27.1 (JPt-P = 3621 Hz).  Anal. Calcd for C82H60O10P2Pt: C, 67.35; H, 4.14.  Found: C, 66.32; 
H, 4.43. 
 G1-COOH.  G1-CO2Me (3.0 g, 7.5 mmol) was suspended in 125 mL absolute 
ethanol.  Crushed potassium hydroxide pellets (1.1 g, 19 mmol) were added to the suspension 
and the mixture was refluxed for 16 hours.  The ethanol was removed in vacuo, and the 
residue was taken up in 100 mL ethyl acetate and acidified with an equal volume of 1 M 
hydrochloric acid.  The aqueous layer was removed, and the ethyl acetate was washed again 
with 100 mL 1 M hydrochloric acid, then with 100 mL distilled water, and finally with 100 
mL brine.  After drying over magnesium sulfate, the ethyl acetate was removed in vacuo.  
The resulting yellow solid was partially dissolved in dichloromethane and hexanes was added 
to induce precipitation.  Upon collection by filtration, 2.3 g of a white solid was obtained 
(75% yield).  1H NMR: (400 MHz, CDCl3, δ): 7.42 (d, J = 8.0 Hz, 4H), 7.37 (d, J = 8.4 Hz, 
4H), 7.34 (d, J = 2.4 Hz, 2H), 6.82 (t, J = 2.4 Hz, 1H), 6.71 (dd, J = 17.6 Hz, 10.8 Hz, 2H), 
5.76 (dd, J = 17.6 Hz, 0.8 Hz, 2H), 5.25 (dd, J = 10.8 Hz, 0.8 Hz, 2H), 5.06 (s, 4H).  13C 
NMR: (100.6 MHz, CDCl3, δ): 172.0, 160.1, 137.9, 136.7, 136.2, 131.4, 128.1, 126.8, 114.6, 
109.3, 108.6, 70.4.  Anal. Calcd for C25H22O4: C, 77.70; H, 5.74.  Found: C, 77.73; H, 5.77. 
 G1.  Method A: G1-COOH (0.26 g, 1.7 mmol).  Yield: 0.37 g, 56%.  1H NMR: (400 
MHz, CDCl3, δ): 7.39 (m, 48H), 7.18 (d, J = 8.4 Hz, 8H), 6.82 (t, J = 2.0 Hz, 4H), 6.70 (dd, J 
= 17.6, 10.8 Hz, 8H), 5.74 ( d, J = 17.6 Hz, 8H), 5.24 (d, J = 10.8 Hz, 8 H), 5.05 (s, 16H), 
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2.12 (br, 4H).  13C NMR: (75.5 MHz, CDCl3, δ): 164.9, 160.1, 151.9, 137.8, 136.7, 136.1, 
135.6, 134.3, 131.5, 128.1, 126.8, 122.4, 122.3, 114.6, 109.2, 70.4, 24.6.  31P NMR: (162.1 
MHz, CDCl3, δ): -13.7.  Anal. Calcd for C126H104O16P2: C, 78.16; H, 5.41.  Found: C, 77.99; 
H, 5.29. 
 (G1)PtCl2.  Method B: G1 (0.39 g, 0.20 mmol).  Yield: 0.41 g, 92%.  1H NMR: (400 
MHz, CDCl3, δ): 7.98 (m, 8H), 7.40 (m, 48H), 6.85 (s, 4H), 6.71 (dd, J = 17.6, 10.8 Hz, 8H), 
5.75 (d, J = 17.6 Hz, 8H), 5.25 (d, J = 10.8 Hz, 8H), 5.06 (s, 16H), 2.45 (m, 4H).  31P NMR: 
(162.1 MHz, CDCl3, δ): 40.6 ppm (JPt-P = 3600 Hz). 
 6.  Method C: (G1)PtCl2 (0.21 g, 0.095 mmol).  Yield: 0.19 g, 81%.  1H NMR: (400 
MHz, CDCl3, δ): 8.11 (m, 2H), 7.85 (m, 2H), 7.70 (d, J = 8.0 Hz, 2H), 7.55 (d, J = 8.8 Hz, 
2H), 7.38 (m, 48H), 7.08 (m, 2H), 6.88 (m, 2H), 6.83 (m, 2H), 6.72 (m, 8H), 6.56 (d, J = 8.8 
Hz, 2H), 5.77 (d, J = 17.6 Hz, 4H), 5.74 (d, J = 17.6 Hz, 4H), 5.26 (d, J = 10.8 Hz, 4H), 5.24 
(d, J = 10.8 Hz, 4H), 4.99 (s, 8H), 4.93 (s, 8H), 2.25 (m, 4H).  13C NMR: (75.5 MHz, CDCl3, 
δ): 164.7, 164.5, 161.6, 160.3, 160.2, 154.2, 154.1, 137.9, 137.8, 136.7, 136.1, 136.0, 135.5, 
135.2, 131.12, 131.08, 129.1, 128.2, 128.1, 127.7, 126.8, 126.3, 125.6, 125.0, 124.6, 123.9, 
123.1, 122.9, 121.4, 117.6, 109.4, 109.4, 108.5, 70.5, 70.4, 27.6.  31P NMR: (162.1 MHz, 
CDCl3, δ): 27.0 (JPt-P = 3580 Hz). 
 G1(2,3)-COOH.  Vinyl benzyl chloride (9.0 mL, 65 mmol) was added to a 
suspension of 2,3-dihydroxybenzoic acid (1.0 g, 6.5 mmol), potassium carbonate (3.6 g, 26 
mmol), 18-crown-6 (0.34 g, 1.3 mmol), and tetrabutylammonium iodide (0.12 g, 0.32 mmol) 
in 40 mL acetone.  The mixture was heated to reflux for 16 hours under nitrogen until a TLC 
showed complete consumption of the benzoic acid.  Insoluble salts were removed by vacuum 
filtration and the solvent was removed from the filtrate in vacuo.  The residue was then 
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redissolved in 50 mL dichloromethane and washed 3 times with 50 mL distilled water then 
dried over magnesium sulfate.  The dichloromethane was removed in vacuo to yield a yellow 
oil.   Isopropanol (50 mL) and potassium hydroxide (1.8 g, 32 mmol) were added to the oil 
and, this mixture was heated to reflux for 16 hours, then an additional 1.8 g (32 mmol) 
potassium hydroxide was added and the reflux was continued for 24 hours until a TLC 
showed complete consumption of starting material.  After the isopropanol was removed in 
vacuo, 50 mL of ethyl acetate and 50 mL 1M hydrochloric acid were added and the mixture 
was stirred for 30 minutes.  The aqueous layer was removed and the ethyl acetate was 
washed again with 50 mL 1M hydrochloric acid, then twice with 50 mL distilled water, and 
finally with 50 mL brine.  The ethyl acetate was dried over magnesium sulfate and filtered.  
After removing the ethyl acetate in vacuo, 10 mL of dichloromethane was added to dissolve 
the product followed by 20 mL hexanes, and the mixture was stored at -26 °C overnight to 
induce precipitation.  Upon collection by filtration, 1.5 g of a yellow solid was obtained (58% 
yield).  1H NMR: (400 MHz, CDCl3, δ): 7.72 (dd, J = 8.0, 1.6 Hz, 1H), 7.45 (d, J = 8.0 Hz, 
2H), 7.41 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 7.27 (d, J = 8.0 Hz, 2H), 7.22 (d, J = 
1.6 Hz, 1H), 7.17 (t, J = 8.0 Hz, 1H), 6.74 (dd, J = 17.6, 10.8 Hz, 1H), 6.67 (dd, J = 17.6, 
10.8 Hz, 1H), 5.78 (d, J = 17.6 Hz, 1H), 5.74 (d, J = 17.6 Hz, 1H), 5.29 (d, J = 10.8 Hz, 1H), 
5.27 (d, J = 10.8 Hz, 1H), 5.23 (s, 2H), 5.15 (s, 2H).  13C NMR: (100.6 MHz, CDCl3, δ): 
165.5; 151.6; 147.4; 138.9; 138.3; 136.6; 136.5; 135.6; 134.4; 129.9; 128.4; 127.0; 125.4; 
124.9; 123.4; 119.4; 115.3; 115.0; 71.7.  Anal Calcd for C25H22O4: C, 77.70; H, 5.74.  Found: 
C, 77.72; H, 5.82. 
 G1(2,3).  Method A: G1(2,3)-COOH (0.26 g, 1.7 mmol).  Yield: 0.32 g, 47%.  1H 
NMR: (400 MHz, CDCl3, δ): 7.52 (dd, J = 7.8, 1.4 Hz, 4H), 7.37 (m, 24H), 7.28 (m, 16H), 
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7.13 (m, 16H), 6.72 (dd, J = 17.6, 10.8 Hz, 4H), 6.63 (dd, J = 17.6, 10.8 Hz, 4H), 5.76 (d, J = 
17.6 Hz, 4H), 5.66 (d, J = 17.6 Hz, 4H), 5.26 (d, J = 10.8 Hz, 4H), 5.17 (d, J = 10.8 Hz, 4H), 
5.11 (s, 16H), 2.12 (br, 4H).  13C NMR: (75.5 MHz, CDCl3, δ): 164.5, 153.2, 151.8, 149.3, 
137.8, 137.6, 137.1, 136.9, 136.7, 136.3, 135.5, 134.3, 129.2, 128.2, 126.8, 126.5, 126.2, 
124.4, 123.7, 122.3, 119.0, 114.6, 114.2, 75.9, 71.5, 24.7.  31P NMR: (162.1 MHz, CDCl3, δ): 
-13.3.  Anal Calcd for C126H104O16P2: C, 78.16; H, 5.41.  Found: C, 77.95; H, 5.36. 
 [G1(2,3)]PtCl2.  Method B: G1(2,3) (0.39 g, 0.20 mmol).  Yield: 0.41 g, 93%.  1H 
NMR: (400 MHz, CDCl3, δ): 7.91 (dd, J = 11.8, 8,4 Hz, 8H), 7.54 (dd, J = 8.0, 1.6 Hz, 4H), 
7.39 (m, 16H), 7.29 (m, 24H), 7.15 (m, 8H), 6.72 (dd, J = 17.6, 10.8 Hz, 4H), 6.65 (dd, J = 
17.6, 10.8 Hz, 4H), 5.76 (d, J = 17.6 Hz, 4H), 5.68 (d, J = 17.6 Hz, 4H), 5.26 (d, J = 10.8 Hz, 
4H), 5.17 (d, J = 10.8 Hz, 4H), 5.13 (s, 8H), 5.09 (s, 8H), 2.37 (m, 4H).  31P NMR: (162.1 
MHz, CDCl3, δ): 40.7 ppm (JPt-P = 3596 Hz). 
 7.  Method C: [G1(2,3)]PtCl2 (0.21 g, 0.095 mmol).  Yield: 0.184 g, 80%.  1H NMR: 
(400 MHz, CDCl3, δ): 8.07 (m, 4H), 7.81 (m, 4H), 7.66 (d, J = 8.0 Hz, 2H), 7.61 (dd, J = 7.6, 
1.6 Hz, 2H), 7.52 (m, 4H), 7.35 (m, 34H), 7.10 (m, 20H), 6.74 (dd, J = 17.6, 10.8 Hz, 2H), 
6.71 (dd, J = 17.6, 10.8 Hz, 2H), 6.62 (dd, J = 17.6, 10.8 Hz, 2H), 6.60 (dd, J = 17.6, 10.8 
Hz, 2H), 6.53 (d, J = 8.8 Hz, 2H), 5.78 (d, J = 17.6 Hz, 2H), 5.76 (d, J = 17.6 Hz, 2H), 5.64 
(d, J = 17.6 Hz, 2H), 5.63 (d, J = 17.6 Hz, 2H), 5.28 (d, J = 10.8 Hz, 2H), 5.26 (d, J = 10.8 
Hz, 2H), 5.14 (m, 20H), 2.25 (m, 4H).  13C NMR: (75.5 MHz, CDCl3, δ): 154.1, 153.3, 
153.2, 149.5, 149.4, 137.9, 137.8, 137.7, 137.6, 137.0, 136.7, 136.2, 136.0, 135.4, 135.1, 
129.3, 129.2, 129.1, 128.2, 128.1, 127.8, 126.80, 126.77, 126.6, 126.5, 126.3, 126.2, 125.7, 
125.6, 125.0, 124.53, 124.46, 123.7, 123.2, 123.0, 121.3, 119.3, 119.2, 114.6, 114.4, 114.3, 
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75.9, 75.8, 71.5, 27.6.  31P NMR: (162.1 MHz, CDCl3, δ): 27.2 (JPt-P = 3620 Hz).  Anal Calcd 
for C146H116O18P2Pt: C, 72.60; H, 4.84.  Found: C, 72.09; H, 4.43. 
 G1(2,4)-CO2Me.  Methyl 2,4-dihydroxy benzoate (1.0 g, 6.0 mmol), potassium 
carbonate (2.1 g, 15 mmol), 18-crown-6 (0.31 g, 1.2 mmol), and tetrabutylammonium iodide 
(0.11 g, 0.30 mmol) were suspended in 30 mL acetone.  Vinyl benzyl chloride (1.8 mL, 13 
mmol) was then added and the mixture was refluxed under nitrogen for 16 hours.  Insoluble 
salts were removed by vacuum filtration and the solvent was removed from the filtrate in 
vacuo.  The residue was redissolved in 50 mL ether and washed 3 times with 50 mL distilled 
water.  The ether layer was dried over magnesium sulfate, and evaporated to dryness in 
vacuo to give a pale yellow oil.  Hexanes (1 mL) was added and the mixture was stored at -
26 °C for several days to give a white solid.  The solid was dried in vacuo to give 2.0 g (85% 
yield).  1H NMR: (400 MHz, CDCl3, δ): 7.87 (d, J = 8.4 Hz, 1H), 7.38 (m, 8H), 6.71 (dd, J = 
17.6, 10.8 Hz, 2H), 6.56 (m, 2H), 5.76 (d, J = 17.6 Hz, 1H), 5.75 (d, J = 17.6 Hz, 1H), 5.26 
(d, J = 10.8 Hz, 1H), 5.24 (d, J = 10.8 Hz, 1H), 5.12 (s, 2H), 5.02 (s, 2H), 3.86 (s, 3H).  13C 
NMR: (100.6 MHz, CDCl3, δ): 166.4, 163.4, 160.4, 137.8, 137.3, 136.7, 136.6, 136.4, 135.9, 
134.2, 128.0, 127.2, 126.7, 126.6, 114.6, 113.4, 106.3, 101.7, 70.6, 70.2, 51.9. 
 G1(2,4)-COOH.  G1(2,4)-CO2Me (1.5 g, 3.8 mmol) was suspended in 75 mL 
absolute ethanol.  Crushed potassium hydroxide pellets (0.53 g, 9.4 mmol) were added to the 
suspension and the mixture was refluxed for 16 hours.  The ethanol was removed in vacuo, 
and the residue was taken up in 50 mL ethyl acetate and acidified with an equal volume of 1 
M hydrochloric acid.  The aqueous layer was removed, and the ethyl acetate was washed 
again with 50 mL 1 M hydrochloric acid, then with 50 mL distilled water, and finally with 50 
mL brine.  After drying over magnesium sulfate, the ethyl acetate was removed in vacuo.  
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The resulting yellow solid was partially dissolved in dichloromethane and hexanes was added 
to induce precipitation.  Upon collection by filtration, 1.0 g of a white solid was obtained 
(72% yield).  1H NMR: (400 MHz, CDCl3, δ): 8.13 (d, J = 8.8 Hz, 1H), 7.38 (m, 8H), 6.70 
(m, 3H), 6.65 (d, J = 2 Hz, 1H), 5.78 (dd, J = 17.6, 10.8 Hz, 1H), 5.76 (dd, J = 17.6, 10.8 Hz, 
1H), 5.30 (dd, J = 10.8 Hz, 0.4 Hz, 1H), 5.27 (dd, J = 10.8 Hz, 0.4 Hz, 1H), 5.20 (s, 2H), 
5.08 (s, 2H).  13C NMR: (100.6 MHz, CDCl3, δ): 165.4; 164.3; 159.0; 138.9; 138.2; 136.6; 
136.4; 136.0; 135.5; 133.8; 128.5; 128.1; 127.3; 126.9; 115.4; 114.9; 111.4; 108.2; 101.1; 
72.3; 70.6.  Anal. Calcd for C25H22O4: C, 77.70; H, 5.74.  Found: C, 77.71; H, 5.69. 
 G1(2,4).  Method A: G1(2,4)-COOH (0.26 g, 1.7 mmol).  Yield: 0.34 g, 49%.  1H 
NMR: (400 MHz, CDCl3, δ): 8.03 (d, J = 8.8 Hz, 4H), 7.38 (m, 42H), 7.15 (d, J = 8.4 Hz, 
8H), 6.67 (m, 16H), 5.76 (d, J = 17.6 Hz, 4H), 5.68 (d, J = 17.6 Hz, 4H), 5.26 (d, J = 10.8 
Hz, 4H), 5.18 (d, J = 10.8 Hz, 4H), 5.07 (s, 8H), 5.05 (s, 8H), 2.10 (br, 4H).  13C NMR: (75.5 
MHz, CDCl3, δ): 164.1, 163.7, 161.3, 152.0, 138.0, 137.4, 136.8, 136.6, 136.2, 135.8, 135.1, 
134.9, 134.2, 128.1, 127.4, 126.8, 126.7, 122.5, 114.7, 114.3, 112.4, 106.5, 101.6, 70.6, 70.3, 
24.7.  31P NMR: (162.1 MHz, CDCl3, δ): -13.6.  Anal. Calcd for C126H104O16P2: C, 78.16; H, 
5.41.  Found: C, 77.89; H, 5.35. 
 [G1(2,4)]PtCl2.  Method B: G1(2,4) (0.39 g, 0.20 mmol).  Yield: 0.40 g, 90%.  1H 
NMR: (400 MHz, CDCl3, δ): 8.05 (d, J = 9.2 Hz, 4H), 7.91 (m, 8H), 7.39 (m, 42H), 6.67 (m, 
16H), 5.76 (d, J = 17.6 Hz, 4H), 5.70 (d, J = 17.6 Hz, 4H), 5.26 (d, J = 10.8 Hz, 4H), 5.19 (d, 
J = 10.8 Hz, 4H), 5.13 (s, 8H), 5.08 (s, 8H).  31P NMR: (162.1 MHz, CDCl3, δ): 40.8 ppm 
(JPt-P = 3608 Hz). 
 8.  Method C: [G1(2,4)]PtCl2 (0.21 g, 0.095 mmol).  Yield: 0.20 g, 85%.  1H NMR: 
(400 MHz, CDCl3, δ): 8.13 (d, J = 9.2 Hz, 2H), 8.03 (m, 6H), 7.82 (m, 4H), 7.66 (d, J = 8.0 
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Hz, 2H), 7.52 (d, J = 8.8 Hz, 2H), 7.39 (m, 36H), 7.27 (d, J = 7.6 Hz, 4H), 7.00 (m, 6H), 6.67 
(m, 16H), 6.54 (d, J = 8.4 Hz, 2H), 5.75 (m, 8H), 5.28 (m, 4H), 5.11 (m, 20H), 2.25 (m, 4H).  
13C NMR: (75.5 MHz, CDCl3, δ): 163.3, 163.25, 163.16, 161.8, 161.5, 161.4, 154.4, 154.3, 
138.0, 137.9, 137.6, 137.4, 136.6, 136.1, 136.0, 135.7, 135.0, 129.1, 128.1, 128.1, 127.6, 
127.4, 126.82, 126.79, 126.7, 126.3, 125.7, 124.9, 124.5, 123.3, 123.1, 121.2, 114.7, 114.4, 
114.3, 111.7, 106.6, 101.7, 101.6, 70.6, 70.4, 27.6.  31P NMR: (162.1 MHz, CDCl3, δ): 27.3 
(JPt-P = 3621 Hz).  Anal. Calcd for C146H116O18P2Pt: C, 72.60; H, 4.84.  Found: C, 71.20; H, 
4.19. 
 G1t-COOH.  G1t-CO2Me (1.5 g, 2.8 mmol) was suspended in 50 mL absolute 
ethanol.  Crushed potassium hydroxide pellets (0.40 g, 7.0 mmol) were added to the 
suspension and the mixture was refluxed for 16 hours.  The ethanol was removed in vacuo 
and the residue was taken up in 50 mL ethyl acetate and acidified with an equal volume of 1 
M hydrochloric acid.  The aqueous layer was removed, and the ethyl acetate was washed 
again with 50 mL 1 M hydrochloric acid, then with 50 mL distilled water, and finally with 50 
mL brine.  After drying over magnesium sulfate, the ethyl acetate was removed in vacuo.  
The resulting yellow solid was partially dissolved in dichloromethane and hexanes was added 
to induce precipitation.  Upon collection by filtration, 0.91 g of a white solid was obtained 
(63% yield).  1H NMR: (400 MHz, CDCl3, δ): 7.38 (m, 10H), 7.32 (d, J = 8.0 Hz, 2H), 7.27 
(d, J = 8.4 Hz, 2H), 6.72 (dd, J = 17.6 Hz, 10.8 Hz, 2H), 6.86 (dd, J = 16.4 Hz, 10.8 Hz, 1H), 
5.76 (d, J = 17.6 Hz, 2H), 5.72 (d, J = 16.4 Hz, 1H), 5.26 (d, J = 10.8 Hz, 2H), 5.23 (d, J = 
10.8 Hz, 1H), 5.11 (s, 6H).  13C NMR: (100.6 MHz, CDCl3, δ): 171.5, 152.9, 143.4, 137.7, 
137.6, 137.3, 136.9, 136.8, 136.4, 129.1, 128.1, 126.8, 126.4, 124.4, 114.5, 114.3, 110.0, 
75.2, 71.3.  Anal Calcd for C34H30O5: C, 78.74; H, 5.83.  Found: C, 78.60; H, 5.84. 
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 G1t.  Method A: G1t-COOH (0.89 g, 1.7 mmol).  Yield: 0.41 g, 47%.  1H NMR: (400 
MHz, CDCl3, δ): 7.47 (s, 8H), 7.37 (m, 40H), (7.28 m, 16H), 7.16 (d, J = 8.4 Hz, 8 H), 6.69 
(m, 12H), 5.74 (d, J = 17.6 Hz, 8H), 5.72 (d, J = 17.6 Hz, 4H), 5.24 (d, J = 10.8 Hz, 8H), 
5.23 (d, J = 10.8 Hz, 4H), 5.10 (s, 24H), 2.12 (br, 4H).  13C NMR: (75.5 MHz, CDCl3, δ): 
164.8, 152.9, 151.9, 143.3, 137.7, 137.6, 137.2, 136.9, 136.8, 136.3, 135.6, 134.4, 129.1, 
128.1, 126.7, 126.4, 124.5, 122.3, 114.5, 114.2, 109.9, 75.2, 71.3, 24.7.  31P NMR: (162.1 
MHz, CDCl3, δ): -13.5.  Anal. Calcd for C162H136O20P2: C, 78.94; H, 5.56.  Found: C, 78.69; 
H, 5.43. 
 (G1t)PtCl2.  Method B: G1t (0.49 g, 0.20 mmol).  Yield: 0.51 g, 94%.  1H NMR: 
(400 MHz, CDCl3, δ): 7.95 (m, 8H), 7.48 (s, 8H), 7.39 (m, 56H), 6.70 (m, 12H), 5.75 (d, J = 
17.6 Hz, 8H), 5.73 (d, J = 17.6 Hz, 4H), 5.25 (d, J = 10.8 Hz, 8H), 5.24 (d, J = 10.8 Hz, 4H), 
5.14 (s, 24H), 2.42 (m, 4H).  31P NMR: (162.1 MHz, CDCl3, δ): 40.9 (JPt-P = 3597 Hz). 
 9.  Method C: (G1t)PtCl2 (0.26 g, 0.095 mmol).  Yield: 0.24 g, 87%.  1H NMR: (400 
MHz, CDCl3, δ): 8.10 (m, 4H), 7.87 (m, 4H), 7.70 (d, J = 8.4 Hz, 2H), 7.55 (m, 6H), 7.35 (m, 
60H), 7.10 (m, 2H), 7.01 (m, 4H), 6.70 (m, 12H), 6.58 (d, J= 8.4 Hz, 2H), 5.74 (m, 12H), 
5.25 (m, 12H), 5.18 (s, 8H), 5.17 (s, 4H), 5.12 (s, 4H), 5.11 (s, 8H), 2.27 (m, 4H).  13C NMR: 
(75.5 MHz, CDCl3, δ): 164.6, 164.4, 161.6, 154.2, 154.2, 153.0, 152.9, 143.5, 143.4, 137.8, 
137.7, 137.6, 137.6, 137.1, 136.9, 136.7, 136.6, 136.2, 136.2, 136.0, 135.3, 129.11, 129.09, 
128.14, 128.09, 126.7, 126.4, 125.0, 124.7, 124.0, 123.1, 122.9, 121.4, 114.5, 114.3, 110.0, 
75.24, 75.21, 71.4, 71.3, 27.5.  31P NMR: (162.1 MHz, CDCl3, δ): 27.0 (JPt-P = 3577 Hz).  
Anal Calcd for C182H148O22P2Pt: C, 74.25; H, 5.07.  Found: C, 73.29; H, 4.80. 
 G1t(2,3,4)-COOH.  Vinyl benzyl chloride (8.4 mL, 59 mmol) was added to a 
suspension of 2,3,4-trihydroxybenzoic acid (1.0 g, 5.9 mmol), potassium carbonate (3.3 g, 24 
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mmol), 18-crown-6 (0.31 g, 1.2 mmol), and tetrabutylammonium iodide (0.11 g, 0.29 mmol) 
in 60 mL acetone.  The mixture was heated to reflux for 16 hours under nitrogen until a TLC 
showed complete consumption of the benzoic acid.  Insoluble salts were removed by vacuum 
filtration and the solvent was removed from the filtrate in vacuo.  The residue was then 
redissolved in 50 mL dichloromethane and washed 3 times with 50 mL distilled water then 
dried over magnesium sulfate.  The dichloromethane was removed in vacuo to yield a yellow 
oil.   Isopropanol (100 mL) and potassium hydroxide (1.7 g, 29 mmol) were added to the oil 
and, this mixture was heated to reflux for 16 hours, then an additional 1.7 g (29 mmol) 
potassium hydroxide was added and the reflux was continued for 24 hours until a TLC 
showed complete consumption of starting material.  After the isopropanol was removed in 
vacuo, 100 mL of ethyl acetate and 100 mL 1M hydrochloric acid were added and the 
mixture was stirred for 30 minutes.  The aqueous layer was removed and the ethyl acetate 
was washed again with 100 mL 1M hydrochloric acid, then twice with 100 mL distilled 
water, and finally with 100 mL brine.  The ethyl acetate was dried over magnesium sulfate 
and filtered.  After removing the ethyl acetate in vacuo, 10 mL of dichloromethane was 
added to dissolve the product followed by 20 mL hexanes, and the mixture was stored at -26 
°C overnight to induce precipitation.  Upon collection by filtration, 1.4 g of a yellow solid 
was obtained (46% yield).  1H NMR: (400 MHz, CDCl3, δ): 7.87 (d, J = 8.8 Hz, 1H); 7.35 
(m, 12H); 6.87 (d, J = 8.8 Hz, 1H); 6.72 (m, 3H); 5.76 (m, 3H); 5.27 (m, 3H); 5.25 (s, 2H); 
5.15 (s, 2H); 5.05 (s, 2H).  13C NMR: (100.6 MHz, CDCl3, δ): 165.4; 157.7; 152.2; 141.1; 
138.9; 138.14; 138.10; 136.7; 136.6; 136.50; 136.47; 135.5; 134.3; 129.9; 129.3; 128.9; 
128.2; 127.0; 126.9; 126.6; 115.7; 115.3; 114.9; 126.6; 115.7; 115.3; 114.9; 114.7; 110.0; 
77.8, 76.0, 71.2.  Anal. Calcd for C34H30O5: C, 78.74; H, 5.83.  Found: C, 78.94; H, 5.84. 
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 G1t(2,3,4).  Method A: G1t(2,3,4)-COOH (0.89 g, 1.7 mmol).  Yield: 0.43 g, 49%.  
1H NMR: (400 MHz, CDCl3, δ): 7.77 (d, J = 8.4 Hz, 4H), 7.32 (m, 56H), 7.13 (d, J = 8.4 Hz, 
8H), 6.70 (m, 16H), 5.77 (d, J = 17.6 Hz, 4H), 5.73 (d, J = 17.6 Hz, 4H), 5.68 (d, J = 17.6 
Hz, 4H), 5.27 (d, J = 10.8 Hz, 4H), 5.24 (d, J = 10.8 Hz, 4H), 5.18 (d, J = 10.8 Hz, 4H), 
5.091 (s, 8H), 5.089 (s, 8H), 5.00 (s, 8H), 2.13 (br, 4H).  13C NMR: (75.5 MHz, CDCl3, δ): 
163.7, 157.5, 154.8, 151.9, 143.0, 137.9, 137.69, 137.67, 137.0, 136.9, 136.7, 135.8, 135.3, 
134.3, 129.4, 129.3, 128.0, 126.8, 126.5, 126.5, 122.4, 118.0, 114.7, 114.3, 109.0, 76.4, 75.7, 
71.0, 24.7.  31P NMR: (162.1 MHz, CDCl3, δ): -13.0.  Anal. Calcd for C162H136O20P2: C, 
78.94; H, 5.56.  Found: C, 78.76; H, 5.49. 
 [G1t(2,3,4)]PtCl2.  Method B: G1t(2,3,4) (0.49 g, 0.20 mmol).  Yield: 0.48 g, 88%.  
1H NMR: (400 MHz, CDCl3, δ): 7.93 (m, 8H), 7.80 (d, J = 8.8 Hz, 4H), 7.33 (m, 56H), 6.83 
(d, J = 8.8 Hz, 4H), 6.71 (m, 12H), 5.78 (d, J = 17.6 Hz, 4H), 5.73 (d, J = 17.6 Hz, 4H), 5.71 
(d, J = 17.6 Hz, 4H), 5.28 (d, J = 10.8 Hz, 4H), 5.24 (d, J = 10.8 Hz, 4H), 5.19 (d, J = 10.8 
Hz, 4H), 5.15 (s, 8H), 5.14 (s, 8H), 5.02 (s, 8H), 2.40 (m, 4H).  31P NMR: (162.1 MHz, 
CDCl3, δ): 40.9 (JPt-P = 3596 Hz). 
 10.  A solution of [G1t(2,3,4)]PtCl2 (0.26 g, 0.095 mmol) in 25 mL dichloromethane 
was added silver carbonate (39 mg, 0.14 mmol) and 5 drops of distilled water.  The mixture 
was stirred at room temperature, protected from light until all the PtCl2 was converted to 
PtCO3 as monitored by 31P NMR.  The mixture was filtered through a pad of Celite to 
remove the silver salts.  (S)-BINOL (30 mg, 0.11 mmol) was added to a solution of the 
PtCO3 in 25 mL dichloromethane and the solution was stirred at room temperature until 31P 
NMR showed complete conversion to the Pt(BINOL).  The dichloromethane was removed in 
vacuo and 25 mL diethyl ether was added.  The ether was decanted from the yellow oil, and 
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this process was repeated 3 times.  After drying overnight in vacuo 10 [G1t(2,3,4)]Pt((S)-
BINOL) (0.23 g, 84% yield) was obtained as a foamy solid from which complete solvent 
removal was impossible.  1H NMR: (400 MHz, CDCl3, δ): 8.08 (m, 4H), 7.87 (d, J = 8.8 Hz, 
2H), 7.81 (m, 4H), 7.76 (d, J = 8.8 Hz, 2H), 7.54 (d, J = 8.8 Hz, 2H), 7.31 (m, 58H), 7.03 (m, 
6H), 6.87 (d, J = 8.8 Hz, 2H), 6.70 (m, 12H), 6.54 (d, J = 8.8 Hz, 2H), 5.73 (m, 12H), 5.28 
(m, 8H), 5.13 (m, 28H), 2.23 (m, 4H).  13C NMR: (75.5 MHz, CDCl3, δ):.155.0, 154.9, 
154.3, 154.2, 153.2, 143.1, 143.0, 138.0, 137.9, 137.8, 137.71, 137.66, 137.0, 136.92, 136.85, 
136.7, 136.0, 135.8, 135.5, 135.0, 134.0, 129.4, 129.3, 129.1, 128.08, 128.05, 126.8, 126.6, 
126.51, 126.47, 125.0, 124.6, 123.2, 123.1, 121.3, 117.5, 117.4, 114.7, 114.3, 109.2, 76.4, 
75.71, 75.66, 71.0.  31P NMR: (162.1 MHz, CDCl3, δ): 27.5 (JPt-P = 3630 Hz). 
 G1n(3,5)-COOH.  Vinyl benzyl chloride (7.0 mL, 49 mmol) was added to a 
suspension of 3,5-dihydroxy-2-naphthoic acid (1.0 g, 4.9 mmol), potassium carbonate (2.7 g, 
20 mmol), 18-crown-6 (0.26 g, 0.98 mmol), and tetrabutylammonium iodide (91 mg, 0.25 
mmol) in 30 mL acetone.  The mixture was heated to reflux for 16 hours under nitrogen until 
a TLC showed complete consumption of the naphthoic acid.  Insoluble salts were removed 
by vacuum filtration and the solvent was removed from the filtrate in vacuo.  The residue 
was then redissolved in 50 mL dichloromethane and washed 3 times with 50 mL distilled 
water then dried over magnesium sulfate.  The dichloromethane was removed in vacuo to 
yield a yellow oil.   Isopropanol (50 mL) and potassium hydroxide (1.4 g, 25 mmol) was 
added to the oil and, this mixture was heated to reflux for 16 hours, then an additional 1.4 g 
(25 mmol) potassium hydroxide was added and the reflux was continued for 24 hours until a 
TLC showed complete consumption of starting material.  After the isopropanol was removed 
in vacuo, 50 mL of ethyl acetate and 50 mL 1M hydrochloric acid were added and the 
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mixture was stirred for 30 minutes.  The aqueous layer was removed and the ethyl acetate 
was washed again with 50 mL 1M hydrochloric acid, then twice with 50 mL distilled water, 
and finally with 50 mL brine.  The ethyl acetate was dried over magnesium sulfate and 
filtered.  After removing the ethyl acetate in vacuo, 10 mL of dichloromethane was added to 
dissolve the product followed by 20 mL hexanes, and the mixture was stored at -26 °C 
overnight to induce precipitation.  Upon collection by filtration, 0.87 g of a yellow solid was 
obtained (41% yield).  1H NMR: (400 MHz, CDCl3, δ): 8.74 (s, 1H), 7.81 (s, 1H); 7.45 (m, 
9H), 7.32 (t, J = 8.0 Hz, 1H), 6.96 (d, J = 8.0 Hz, 1H), 6.72 (m, 2H), 5.79 (d, J = 17.6 Hz, 
1H), 5.77 (d, J = 17.6 Hz, 1H), 5.34 (s, 2H), 5.30 (d, J = 10.8 Hz, 1H), 5.29 (d, J = 10.8 Hz, 
1H), 5.22 (s, 2H).  13C NMR: (100.6 MHz, CDCl3, δ): 165.8; 153.6; 153.5; 138.7; 137.9; 
136.6; 136.5; 136.4; 136.1; 134.2; 129.8; 129.1; 128.7; 128.1; 127.2; 126.8; 125.7; 122.1; 
118.9; 115.3; 114.8; 108.8; 104.0; 72.4; 70.6.  Anal. Calcd for C29H24O4: C, 79.80; H, 5.54.  
Found: C, 79.51; H, 5.54. 
 G1n(3,5).  Method A: G1n(3,5)-COOH (0.75 g, 1.7 mmol).  Yield: 0.41 g, 53%.  1H 
NMR: (400 MHz, CDCl3, δ): 8.46 (s, 4H), 7.72 (s, 4H), 7.32 (m, 56H), 6.91 (d, J = 7.6 Hz, 
4H), 6.75 (dd, J = 17.6, 10.8 Hz, 4H), 6.66 (dd, J = 17.6, 10.8 Hz, 4H), 5.79 (d, J = 17.6 Hz, 
4 H), 5.69 (d, J = 17.6 Hz, 4H), 5.22 (m, 24H), 2.17 (br, 4H).  13C NMR: (75.5 MHz, CDCl3, 
δ): 164.6, 155.0, 153.4, 152.0, 137.7, 137.4, 136.8, 136.7, 136.5, 135.5, 134.3, 133.6, 133.5, 
128.9, 127.9, 127.7, 126.8, 126.7, 124.7, 122.4, 121.7, 121.6, 114.6, 114.2, 108.2, 103.8, 
103.7, 70.6, 70.4, 25.3.  31P NMR: (162.1 MHz, CDCl3, δ): -12.9.  Anal. Calcd for 
C142H112O16P2: C, 79.68; H, 5.25.  Found: C, 79.72; H, 5.26.  
 [G1n(3,5)]PtCl2.  Method B: G1n(3,5) (0.49 g, 0.20 mmol).  Yield: 0.42 g, 88%.  1H 
NMR: (400 MHz, CDCl3, δ): 8.49 (s, 4H), 7.98 (m, 8H), 7.45 (s, 4H), 7.39 (m, 48H), 6.92 (d, 
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J = 7.6 Hz, 4H), 6.72 (m, 8H), 5.79 (d, J = 17.6 Hz, 4H), 5.71 (d, J = 17.6 Hz, 4H), 5.25 (m, 
24H), 2.43 (m, 4H).  31P NMR: (162.1 MHz, CDCl3, δ): 40.9 (JPt-P = 3601 Hz). 
 11.  Method C: [G1n(3,5)]PtCl2 (0.23 g, 0.095 mmol).  Yield: 0.17 g, 69%.  1H NMR: 
(400 MHz, CDCl3, δ): 8.58 (s, 2H), 8.46 (s, 2H), 8.12 (m, 4H), 7.87 (m, 4H), 7.80 (s, 2H), 
7.73 (s, 2H), 7.68 (d, J = 8.0Hz, 2H), 7.56 (d, J = 8.8 Hz, 2H), 7.42 (m, 48H), 7.02 (m, 8H), 
6.92 (d, J = 7.6 Hz, 2H), 6.76 (dd, J = 17.6, 10.8 Hz, 2H), 6.74 (dd, J = 17.6, 10.8 Hz, 2H), 
6.64 (dd, J = 17.6, 10.8 Hz, 2H), 6.62 (dd, J = 17.6, 10.8 Hz, 2H), 6.58 (d, J = 8.4 Hz, 2H), 
5.80 (d, J = 17.6 Hz, 2H), 5.78 (d, J = 17.6 Hz, 2H), 5.66 (d, J = 17.6 Hz, 2H), 5.65 (d, J = 
17.6 Hz, 2H), 5.25 (m, 24H), 2.29 (m, 4H).  13C NMR: (75.5 MHz, CDCl3, δ): 154.4, 154.3, 
153.5, 153.4, 153.3, 137.7, 137.5, 137.4, 136.7, 136.5, 136.0, 135.5, 135.1, 134.0, 133.9, 
130.9, 129.4, 129.2, 129.1, 128.93, 128.86, 128.0, 127.8, 126.8, 126.7, 126.3, 125.5, 125.0, 
124.9, 124.6, 123.6, 123.3, 123.1, 121.7, 121.4, 121.1, 118.4, 112.6, 114.3, 112.4, 108.4, 
104.0, 103.9, 70.7, 70.4, 27.7.  31P NMR: (162.1 MHz, CDCl3, δ): 28.2 (JPt-P = 3645 Hz).  
Anal. Calcd for C162H124O18P2Pt: C, 74.39; H, 4.78.  Found: C, 71.75; H, 4.03. 
 dppe-OCO-Ph.  To a suspension of dppe-OH (0.25 g, 0.34 mmol) in 20 mL 
dichloromethane was added benzoyl chloride (0.20 mL, 1.7 mmol), followed by 
triethylamine (0.25 mL, 1.7 mmol).  The suspension was stirred for 1 hour under nitrogen 
until a TLC showed the consumption of dppe-OH and the formation of a product.  The 
mixture was eluted through a pad of silica with 50 mL ethyl acetate.  The solvent was 
removed in vacuo to give a white solid.  The solid was collected by vacuum filtration and 
rinsed with methanol and hexanes.  The solid was dissolved along with DABCO (0.15 g, 1.4 
mmol) in 30 mL toluene and the solution was stirred at 35 oC under nitrogen for 16 hours.  
The solution was reduced in volume to 10 mL and 25 mL of methanol was added to 
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precipitate the product.  A white solid was collected by vacuum filtration, rinsed with 
methanol, and dried in vacuo to give dppe-OCO-Ph (0.18 g, 60% yield) with a small amount 
of toluene remaining.  1H NMR: (400 MHz, CDCl3, δ): 8.17 (d, J = 7.2 Hz, 8H), 7.62 (t, J = 
7.6 Hz, 4H), 7.48 (t, J = 7.6 Hz, 8H), 7.42 (m, 8H), 7.21 (d, J = 8.4 Hz, 8H), 2.13 (br, 4H).  
13C NMR: (75.5 MHz, CDCl3, δ):165.3, 151.9, 135.6, 134.4, 130.6, 130.5, 129.7, 128.9, 
122.3, 24.7.  31P NMR: (162.1 MHz, CDCl3, δ): -13.6.  Anal Calcd for C54H40O8P2: C, 73.80; 
H, 4.59.  Found: C, 72.90; H, 4.64. 
 (dppe-OCO-Ph)PtCl2.  A solution of dppe-OCO-Ph (0.15 g, 0.17 mmol) in 10 mL 
dichloromethane was added to a solution of (COD)PtCl2 (0.067 g, 0.17 mmol) in 10 mL 
dichloromethane.  The solution was stirred for 1 hour before the solvent was removed in 
vacuo.  Methanol (25 mL) was added and the white solid was collected by vacuum filtration, 
rinsed with methanol and dried in vacuo to give (dppe-OCO-Ph)PtCl2 (0.16 g, 82% yield).  
1H NMR: (400 MHz, CDCl3, δ): 8.18 (d, J = 8.4 Hz, 8H), 7.97 (dd, J = 11.8, 8.4 Hz, 8H), 
7.65 (t, J = 7.2 Hz, 4H), 7.51 (t, J = 8.0 Hz, 8H), 7.38 (dd, J = 8.4, 2.0 Hz, 8H), 2.43 (m, 4H).  
31P NMR: (162.1 MHz, CDCl3, δ): 40.8 ppm (JPt-P = 3598 Hz). 
 12.  To a solution of (dppe-OCO-Ph)PtCl2 (0.10 g, 0.087 mmol) in 25 mL 
dichloromethane was added silver carbonate (36 mg, 0.13 mmol) and 5 drops of distilled 
water.  The mixture was stirred at room temperature, protected from light until all the PtCl2 
was converted to PtCO3 as monitored by 31P NMR.  The mixture was filtered through a pad 
of celite to remove the silver salts.  (S)-BINOL (28 mg, 0.096 mmol) was added to a solution 
of the PtCO3 in 25 mL dichloromethane and the solution was stirred until 31P NMR showed 
complete conversion to the Pt(BINOL).  The dichloromethane was removed in vacuo and 25 
mL diethyl ether was added.  The yellow solid was collected by vacuum filtration and rinsed 
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with an additional 25 mL diethyl ether to remove excess BINOL.  After drying overnight in 
vacuo (dppe-OCO-Ph)Pt((S)-BINOL) (0.089 g, 73% yield) was obtained.  1H NMR: (400 
MHz, CDCl3, δ): 8.25 (d, J = 7.2 Hz, 4H), 8.15 (d, J = 7.2 Hz, 4H), 8.10 (dd, J = 11.2, 8.4 
Hz, 4H), 7.81 (dd, J = 11.2, 8.4 Hz, 4H), 7.68 (t, J = 7.6 Hz, 4H), 7.61 (t, J = 7.6 Hz, 2H), 
7.55 (m, 10H), 7.48 (t, J = 7.6 Hz, 4H), 7.34 (d, J = 7.6 Hz, 4H), 7.29 (d, J = 7.6 Hz, 4H), 
2.26 (m, 4H).  13C NMR: (75.5 MHz, CDCl3, δ): 165.0, 164.9, 161.5, 154.3, 154.2, 136.0, 
135.6, 135.5, 135.2, 134.3, 130.8, 130.6, 129.32, 129.26, 129.2, 129.0, 127.7, 127.1, 126.3, 
125.5, 125.0, 124.6, 123.6, 123.2, 122.9, 121.4, 118.4, 27.749.  31P NMR: (162.1 MHz, 
CDCl3, δ): 27.7 (JPt-P = 3619 Hz).  Anal. Calcd for C74H52O10P2Pt: C, 65.44; H, 3.86.  Found: 
C, 65.56; H, 3.84. 
 Polymerization.  AIBN (6.8 mg, 41 µmol), metallomonomer (62 µmol), EDMA 
(0.80 g, 4.0 mmol) and chlorobenzene (0.76 mL) were weighed quantitatively into a 
scintillation vial.  The vial was sealed and the mixture was shaken to completely dissolve the 
template.  The vial was then placed in a 60 °C heating block for 24 hours.  The polymers 
were removed from the glovebox and manually broken into 3-4 pieces, then soxhlet extracted 
with 40 mL dichloromethane for 6 hours.  After extraction, the polymer was dried in vacuo 
for 16 hours before being broken into ~2 mm pieces with a mortar and pestle.  The polymers 
contained 60-65 µmol Pt/g polymer. 
 BINOL Loss Experiment.  The solvent from the soxhlet extraction filtrate was 
removed in vacuo and the residue was quantitatively transferred into a 5-mL volumetric flask 
and diluted to the mark with HPLC grade isopropanol.  The concentration of BINOL in the 
solution was determined by HPLC analysis. 
  60
 HCl Cleavage Experiment.  Polymer (0.25 g) was weighed quantitatively and 
suspended in 20 mL dichloromethane.  Concentrated hydrochloric acid (10 drops) was added, 
and the mixture was stirred for 6 hours.  The polymer was filtered through a soxhlet frit and 
rinsed with an additional 20 mL CH2Cl2.  The polymer was soxhlet extracted for 16 hours 
with the filtrate.  The solvent was removed from the filtrate in vacuo and the residue was 
quantitatively transferred to a 10-mL volumetric flask and diluted to the mark with HPLC 
grade isopropanol.  The concentration of BINOL in the solution was determined by HPLC 
analysis. 
 Rebinding Experiment.  Polymer (0.30 g), and (rac)-Br2BINOL (0.15 g) were 
weighed quantitatively and added to a Schlenk tube and were dried under vacuum for 1 hour.  
Under nitrogen, 3.0 mL chlorobenzene and 0.50 mL distilled water were added.  The tube 
was sealed and placed in a 60 °C or 120 °C oil bath for 12 h.  The polymer was filtered 
through a soxhlet frit and rinsed with 40 mL dichloromethane, then soxhlet extracted for 14 
hours.  After drying for 1 h in vacuo, the polymer was subjected to a standard HCl cleavage 
experiment.  The residue from the soxhlet extraction was dissolved in 2.00 mL isopropanol 
and analyzed by HPLC. 
 Thermolysis of Model Metallomonomer.  To a Schlenk tube was added 47 mg of 
12 (37 mmol), and the compound was dried under vacuum for 1 hour.  Under nitrogen, 6.0 
mL chlorobenzene and 1.0 mL distilled water was added to form a yellow solution.  The tube 
was sealed and placed in a 120 °C oil bath for 14 h.  The brown solution was transferred to a 
flask and the solvent was removed in vacuo.  Dichloromethane (2 mL) was added and the 
thermolysis products were analyzed by 31P NMR. 
 
 
 
 
 
CHAPTER 3 
Using Laser Polarimetry to Identify an Enantioselective Receptor for  
(-)-Adenosine from a Racemic Dynamic Combinatorial Library 
 
3.1 Dynamic Combinatorial Chemistry 
 Dynamic combinatorial chemistry (DCC)31 has developed into a powerful tool for the 
identification of molecular receptors.  Like traditional combinatorial chemistry,32 DCC 
allows for the rapid screening of a vast library of molecules against an analyte molecule.  
Unlike a traditional combinatorial library, however, a dynamic combinatorial library (DCL) 
is comprised of compounds that can interconvert through some reversible reaction.  The 
distribution of components in a DCL is therefore under thermodynamic control.  In contrast 
to traditional combinatorial chemistry, DCC is advantageous because it eliminates the need 
to independently synthesize the individual library components because the library self-
assembles from simple building blocks.  Figure 3.1 is a schematic of a typical DCL, one in 
which linear and cyclic oligomers are formed from bifunctional monomers.  Many reversible 
covalent bond forming reactions are amenable to use in DCC (Scheme 3.1).  Additionally, 
                                                 
31 For reviews see: (a) Lehn, J. M.  Chem. Eur. J. 1999, 5, 2455-2463.  (b) Lehn, J. M.; Eliseev, A. V.  
Science 2001, 291, 2331-2332.  (c) Rowan, S. J.; Cantrill, S. J.; Cousins, G. R. L.; Sanders, J. K. M.; 
Stoddart, J. F.  Angew. Chem., Int. Ed. 2002, 41, 898-952.  (d) Otto, S. J. Mater. Chem. 2005, 15, 3357-
3361.  (e) deBruin, B.; Hauwert, P.; Reek, J. N. H.  Angew. Chem., Int. Ed. 2006, 45, 2660-2663. 
 
32 For a review see: Thompson, L. A.; Ellman, J. A.  Chem. Rev. 1996, 96, 555-600. 
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non-covalent interactions such as hydrogen bond formation and metal ligand interactions can 
be used to assemble dynamic combinatorial libraries. 
 
 
Figure 3.1.  Dynamic combinatorial library comprised of linear and cyclic oligomers formed 
from bifunctional monomers. 
 
Scheme 3.1 
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 Although traditional combinatorial chemistry has been used with great success in 
many applications, it can be difficult to find an analytical method capable of detecting an 
interaction between a library member and an analyte because the single library member that 
interacts with the analyte may only make up a small percentage of the library.  Therefore any 
signal resulting from an interaction may be below the detection limit of the analytical 
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method.  It can also be difficult to isolate, for identification and analysis, the desired library 
member from the many other compounds in the traditional combinatorial library. 
 Because a dynamic combinatorial library is equilibrating under thermodynamic 
control, the introduction of an analyte that binds strongly to one library member causes a 
change in the distribution of the library components.  The library member that binds to the 
analyte then becomes amplified at the expense of other library members (LeChâtelier’s 
Principle).  This type of response is easily measured by a variety of analytical techniques.  
Additionally, identification and isolation of the desired library member becomes facile upon 
amplification. 
 Through DCC, receptors for inorganic anions,33 alkali cations34 and quaternary 
ammonium cations35 have been identified.  This led to the identification and isolation of a 
remarkably complex catenated receptor for the neurotransmitter acetylcholine, which 
contains a quaternary ammonium cation.36  This catenated structure and other macrocyclic 
receptors amplified by various cationic templates from DCLs are shown in Figure 3.2.  The 
monomers used to form these DCLs were made up of a peptide backbone functionalized with 
an aldehyde (protected as the dimethoxy acetal) and a hydrazide; under acidic conditions, 
reversible hydrazone exchange furnishes the cyclic oligomers.  It is difficult to imagine these 
                                                 
33 (a) Otto, S.; Kubik, S.  J. Am. Chem. Soc. 2003, 125, 7804-7805. 
 
34 (a) Roberts, S. L.; Furlan, R. L. E.; Otto, S.; Sanders, J. K. M.  Org. Biomol. Chem. 2003, 1, 1625-1633.  b) 
Saur, I.; Severin, K.  Chem. Commun. 2005 1471-1473.   
 
35 (a) Cousins, G. R. L.; Furlan, R. L. E.; Ng, Y-F; Redman, J. E.; Sanders, J. K. M.  Angew. Chem., Int. Ed. 
2001, 40, 423-428.  (b) Corbett, P. T.; Tong, L. H.; Sanders, J. K. M.; Otto, S.  J. Am. Chem. Soc. 2005, 
127, 8902-8903.  c) Corbett, P. T.; Sanders, J. K. M.; Otto, S.  J. Am. Chem. Soc. 2005, 127, 9390-9392. 
 
36 Lam, R. T. S.; Belenguer, A.; Roberts, S. L.; Naumann, C.; Jarrosson, T.; Otto, S.; Sanders, J. K. M.  
Science 2005, 308, 667-669. 
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complex chemical structures being easily synthesized through conventional synthetic 
methods. 
 More recently, diastereoselective amplification of a macrocyclic oligoimine from a 
DCL has been achieved.37  The molecular recognition events that occur in nature, many of 
which are highly enantioselective or enantiospecific, are of great interest to the 
pharmaceutical industry.  Therefore, the use of dynamic combinatorial chemistry to study 
enantioselective molecular recognition is important for future drug development. 
 As shown in Figure 3.2, molecular receptors can be identified from relatively simple 
dynamic combinatorial libraries self-assembled from a single monomeric unit.  The 
incorporation of several different monomeric units into a DCL vastly increases the diversity 
of the self-assembled structures, and therefore increases the likelihood that a strong binder 
for a particular analyte can be identified.  The synthesis of several different monomeric units 
for self-assembly into a very diverse DCL is still much more convenient than the independent 
synthesis of a large library of compounds necessary for traditional combinatorial chemistry.  
When dealing specifically with enantioselective molecular interactions, the chemical 
structure of a monomeric unit may be less important than the stereochemistry of the 
monomeric unit.  Therefore, the incorporation of monomeric units differing only in 
stereochemistry will generate a diverse DCL for studying enantioselective molecular binding.  
This can be accomplished in a synthetically facile manner, e.g. by synthesizing a single 
monomer as a racemate (vide infra). 
                                                 
 
37 González-Álvarez, A.; Alfonso, I.; Gotor, V.  Chem. Commun. 2006, 2224-2226. 
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Figure 3.2.  Receptors amplified from cationic templates in DCLs comprised of cyclic 
oligomers formed from peptide-based monomers through hydrazone exchange reactions. 
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3.2 Laser Polarimetry 
 
 To study enantioselective molecular recognition in DCLs, a method for detecting 
enantiomeric excess in the amplified compounds is necessary.  An important characteristic of 
chiral molecules is their ability to rotate plane polarized light.  The two enantiomers of a 
chiral compound will rotate light with equal magnitude in opposite directions.  This property 
is quantified as the specific rotation ([α]).  Compounds with a positive [α] will rotate light in 
a clockwise fashion and are designated dextrorotatory; compounds with a negative [α] will 
rotate light in a counterclockwise fashion and are designated levorotatory.38 
 The use of polarimetric detection for HPLC has been used to study the separation of 
chiral compounds.39  Achiral compounds and racemic mixtures will show no polarimetric 
signal whereas enantiopure and enantioenriched chiral compounds will show polarimetric 
signals with phases that correspond to the sign of specific value of rotation for the chiral 
compound. 
 These properties are illustrated in Figure 3.3 which shows the UV absorbance signals 
and laser polarimeter (LP) rotation for several HPLC chromatograms of (±)-BINOL (1,1’-bi-
2-naphthol).  On an achiral HPLC column, the two enantiomers of (±)-BINOL are not 
separated and elute as a single racemic peak with no laser polarimetric signal (Figure 3.3a, 
3.3b).  When the enantiomers are completely resolved by a chiral column (Figure 3.3c, 3.3d), 
the LP signal shows a negative peak when (S)-BINOL (-[α]) elutes and a positive peak when 
(R)-BINOL (+[α]) elutes.  Detection by laser polarimetry is advantageous for HPLC analysis 
of chiral compounds, because significant information on optical purity can be gleaned from a 
                                                 
38 Vollhardt, K. P. C.; Schore, N. E.  Organic Chemistry: Structure and Function, 3rd ed.; W. H. Freeman and 
Company: New York, 1999; pp 171-174. 
 
39 (a) Goodall, D. M.  Trends Anal. Chem. 1993, 12, 177-184.  (b) Bobbitt, D. R.; Linder, S. W.  Trends Anal. 
Chem. 2001, 20, 111-123.  (c) Halls, S. C.; Lewis, N. G.  Tetrahedron: Asymmetry 2003, 14, 649-658. 
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separation in which incomplete resolution is achieved (Figure 3.3e, 3.3f).  Because the [α] 
values for typical chiral organic compounds are small (e.g. -34° for (S)-BINOL40), the 
detection of small amount of chiral compounds, or the detection of a slight enantiomeric 
excess, can be difficult. 
 From the data in Figure 3.3, it can be clearly seen that compounds that elute in 
sharper peaks have a much higher LP signal-to-noise ratio as compared to compounds that 
elute in broader peaks (compare Figure 3.2f to 3.2d).  An advantage of laser polarimetric 
detection is that it allows for the analysis of any chiral compound; traditional HPLC analysis 
with UV absorption detection is limited to compounds containing a UV chromophore. 
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Figure 3.3.  HPLC chromatograms showing the UV absorbance signal and laser polarimeter 
rotation for a series of separations of (±)-BINOL.  No enantiomeric resolution: (a) UV and 
(b) LP.  Complete enantiomeric resolution: (c) UV and (d) LP.  Incomplete enantiomeric 
resolution: (e) UV and (f) LP. 
 
                                                 
40 The Merck Index, 13th ed.; O’Neil, M. J.; Smith, A.; Heckelman, P. E.; Merck & Co., Inc.: Whitehouse 
Station, NJ, 2001; p 209. 
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3.3 Using Laser Polarimetry with Dynamic Combinatorial Chemistry 
 
 Laser polarimetry is the ideal tool for studying enantioselective molecular recognition 
in a racemic dynamic combinatorial library.  A racemic DCL comprised of cyclic oligomers 
of a racemic monomer would contain three stereoisomeric dimers (RR, SS, RS), four trimers 
(RRR, SSS, SSR, RRS) and increasing numbers of higher order oligomers (Appendix B).  
Because each library component is generated as an enantiomeric pair (racemic) or a meso 
compound (achiral) the separation of this library on an achiral HPLC column would generate 
no LP signal (Figure 3.4a).  A DCL in which one component has been amplified 
enantioselectively by the presence of a chiral analyte would have a laser polarimeter signal 
corresponding to the amplified component (Figure 3.4b).  The enantioselective amplification 
of, for example, the (R,R)-dimer at the expense of other library members containing the (R)-
monomeric unit would necessarily result in these other library members becoming 
enantioenriched in the (S)-monomeric unit.  However, this enantioenrichment would be 
divided over many library members so each library member will only experience small laser 
polarimetric signals that would be difficult to detect.  In contrast, the enantioenrichment of 
the amplified component is concentrated into a single HPLC peak, for easy identification by 
LP detection. 
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Figure 3.4.  Representation of UV and LP signals for a racemic dynamic combinatorial 
library separated on an achiral HPLC column: untemplated DCL (a); DCL in which the (+)-
dimer has been enantioselectively amplified (b). 
 
 This approach generates a very diverse DCL from only a single racemic monomer 
unit, a much simpler approach than incorporating multiple monomers to increase the library 
diversity.  This synthetic ease coupled with the convenience of using laser polarimetry to 
detect enantioselective amplification of a library member allows for the efficient screening of 
chiral analytes against a library comprised of a large number of potential binders. 
 We aimed to study the binding of chiral analytes to members of a racemic dynamic 
combinatorial library and detect enantioselective amplification using HPLC and laser 
polarimetric (LP) detection.   We chose to use amine compounds as chiral templates for a 
racemic DCL comprised of cyclic pseudopeptide molecules because interactions between 
these molecules are well documented.41,42  Recently, the enantioselective interaction of a 
                                                 
41 For a review see: Zhang, X. X.; Bradshaw, J. S.; Izatt, R. M.  Chem. Rev. 1997, 97, 3313-3361. 
 
42 (a) Deber, C. M.; Blout, E. R.  J. Am. Chem. Soc.  1974, 96, 7566-7568.  (b) Madison, V.; Deber, C. M.; 
Blout, E. R.  J. Am. Chem. Soc. 1977, 99, 4788-4798. 
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chiral quaternary ammonium ion by a cyclic hexapeptide was documented.43  Using a chiral 
amine compound as a template was also attractive because of the prevalence of this 
functionality in biologically relevant molecules. 
3.4 Synthesis 
 
 We modeled a target molecule for synthesis on the monomers used by Sanders in 
previous DCC experiments.34a,36  Because Sanders found that the proline unit is necessary for 
the formation of cyclic oligomers versus linear oligomers,44 we chose to incorporate a 
racemic proline unit and replace the chiral phenylalanine unit with an achiral peptide unit 
(Scheme 3.2).  We set out to synthesize our target monomer in the same manner reported by 
Sanders34a by first coupling the achiral peptide unit to the proline unit (Scheme 3.2, eq 1).  
However, removal of the carbobenzyloxy protecting group by catalytic hydrogenolysis from 
the dipeptide resulted in spontaneous intramolecular cyclization to form a second amide 
linkage with the extrusion of methanol (Scheme 3.2 eq 2). 
                                                 
43 Heinrichs, G.; Vial, L.; Lacour, J.; Kubik, S.  Chem. Commum. 2003, 1252-1253. 
 
44 Cousins, G. R. L.; Poulson, S. A.; Sanders, J. K. M.  Chem. Commun. 1999, 1575-1576. 
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 To avoid this undesirable side reaction, we revised the synthesis of the target 
monomer (Scheme 3.3) and began by coupling the aromatic acetal unit with the proline 
benzyl ester through a standard peptide coupling reaction.  The benzyl ester protecting group 
was then removed by catalytic hydrogenolysis, and the resultant proline unit was then 
coupled to the achiral peptide unit.  Finally, the methyl ester was converted to the hydrazide 
functionality to furnish the desired racemic monomer 1 for use in dynamic combinatorial 
chemistry. 
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Scheme 3.3 
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3.5 Racemic Dynamic Combinatorial Library 
 
 Treatment with trifluoroacetic acid (TFA) deprotected the acetal in monomer 1 to an 
aldehyde which then underwent intermolecular reversible hydrazone exchange with the 
hydrazide functionality.  We modeled our DCL formation conditions on those previously 
reported by Sanders for cyclic peptide libraries templated by alkali cations or 
acetylcholine.34a,36  The electrostatic interactions between the template and the library 
members are strongest in nonpolar solvents; however, polar solvents are required for 
complete solubility of the libraries. 
 Treatment of a 20 mM solution of 1 in 5% DMSO in DCM with 50 equivalents of 
TFA afforded a mixture of cyclic oligomers (Scheme 3.4, Figure 3.4).  The oligomers were 
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identified by LCMS analysis.  Direct infusion MS analysis of the DCL mixture also revealed 
the presence of very small amounts of cyclic pentamers and heptamers.  No linear oligomers 
or the monomeric unit were observed.  DCLs formed from 1 reached equilibrium in only 16 
hours after which no further change in library distribution was observed.  
Scheme 3.4 
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Figure 3.5.  HPLC chromatogram showing UV absorbance at 289 nm of DCL formed from 
20 mM 1 in 5% DMSO in DCM. 
 
3.6 Templating with Phenylalanine 
 
 Amino acids are among the most common chiral amine-containing compounds found 
in nature.  Therefore, we thought that amino acids would be ideal templates for the DCLs 
formed from 1.  Treatment of the DCL shown in Figure 3.5 with 10 equivalents 
phenylalanine methyl ester hydrochloride (Scheme 3.5) resulted in a change in the library 
distribution after 24 hours to amplify the dimer compounds at the expense of tetramers and 
hexamers (Table 3.1). 
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Scheme 3.5 
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Table 3.1 Distribution of oligomers in an untemplated DCL of 1 and a DCL templated with 
10 eq. phenylalanine. 
 
 HPLC Area %  
 Untemplated Templated Difference 
Dimers 16 33 +17 
Trimers 41 43 +2 
Tetramers 29 20 -9 
Hexamers 14 4 -10 
 
 
 The amplification of the dimer compounds in the DCL formed from 1 upon addition 
of phenylalanine methyl ester was accompanied by the appearance of a laser polarimeter 
signal corresponding to the dimer.  The addition of L-phenylalanine methyl ester as a 
template resulted in a negative peak in the laser polarimeter and the addition of D-
phenylalanine methyl ester resulted in a positive peak in the laser polarimeter (Figure 3.6).  
These results indicated that the amplification of the dimer is indeed enantioselective and 
opposite enantiomers of the template result in amplification of opposite enantiomers of 
dimer. 
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Figure 3.6.  HPLC chromatogram of DCL templated with phenylalanine: UV absorbance at 
289 nm (black line); laser polarimeter signal when L-phenylalanine methyl ester was added 
as the template (red line); laser polarimeter signal when D-phenylalanine methyl ester was 
added as the template (blue line). 
 
 Because the laser polarimeter signals of the amplified dimer compounds are partially 
obscured by the large positive slope in the baseline of the laser polarimeter signal, the data 
were manipulated to normalize the baseline.  The results are shown in Figure 3.7 and clearly 
show peaks equal in magnitude and opposite in phase.  When L-phenylalanine methyl ester 
was added to a DCL of 1, the dimer enantiomer with a levorotatory specific rotation was 
amplified selectively, and when D-phenylalanine methyl ester was added, the dimer 
enantiomer with a dextrorotatory specific rotation was amplified. 
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Figure 3.7.  Normalized laser polarimeter rotation in the region of dimer elution for the DCL 
of 1 templated by phenylalanine: L-phenylalanine methyl ester (red line); D-phenylalanine 
methyl ester (blue line). 
 
 We thought that increasing the equilibration time of the DCL in the presence of 
phenylalanine would result in more selective amplification of the dimer.  A second HPLC 
analysis two days after addition of the DCL to phenylalanine revealed the absence of any 
oligomeric species; the library had decomposed to unidentified substances.  Repeated 
attempts at templating with phenylalanine at these conditions resulted in decomposition of 
the library.  When the DCL was generated at 2 mM 1, and added to phenylalanine, no 
decomposition was observed, but no templating was observed.  The DCL formed from 1 was 
insoluble at concentrations ranging from 5 mM to 15 mM in 5% DMSO in DCM, most likely 
due to the decreased TFA content of the solution at these concentrations.  The decomposition 
and insolubility of this library prevented us from fully investigating the enantioselective 
binding of the dimer to phenylalanine.  However, the preliminary results indicated that it was 
possible to detect enantioselective amplification by a chiral template of a member of a 
racemic dynamic combinatorial library. 
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3.7 Templating with (-)-Adenosine 
 
 Dynamic combinatorial libraries formed from 1 were soluble at all concentrations 
ranging from 20 mM to 1 mM in a solution of 1% 2-methoxyethanol (2ME) in DCM.  No 
templating effect was observed with phenylalanine at these conditions; however, another 
biological molecule containing an amine functionality, (-)-adenosine, did display a 
templating effect.  A 1 mM solution of 1 in 1% 2ME in DCM was treated with 50 
equivalents TFA.  Equilibration for 16 hours produced a racemic DCL comprised of dimers, 
trimers, tetramers and hexamers (Figure 3.8a) with a featureless LP signal (Figure 3.8b).  
When the same library was generated in the presence of 5 equivalents (-)-adenosine, slight 
amplification of the dimer was observed (Figure 3.8c) along with a levorotatory signal in the 
LP corresponding to the dimer (Figure 3.8d).  Analysis of the area percent of peaks in the 
HPLC UV absorbance chromatogram showed that the dimer increased 12% from 44% of the 
DCL to 56% of the DCL when the library was templated with (-)-adenosine.  All other 
library components decreased in abundance (Table 3.2). 
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Figure 3.8.  HPLC chromatograms for DCL formed from 1 in absence and presence of (-)-
adenosine: (a) UV absorbance at 289 nm of untemplated DCL; (b) LP of untemplated DCL; 
(c) UV absorbance at 289 nm of DCL templated with (-)-adenosine; (d) LP of DCL 
templated with (-)-adenosine. 
 
Table 3.2.  Distribution of oligomers in an untemplated DCL of 1 and a DCL templated with 
5 eq. (-)-adenosine. 
 
 HPLC Area %  
 Untemplated Templated Difference 
Dimers 44 56 +12 
Trimers 29 21 -8 
Tetramers 24 23 -1 
Hexamers 3 0 -3 
 
 To further investigate the enantioselective amplification of the dimer by (-)-
adenosine, DCLs were prepared from (S)-1, (R)-1 and (±)-1 at a range of concentrations.  The 
area percent of the dimer peak in the HPLC UV chromatogram was measured in the absence 
and in the presence of (-)-adenosine and the increase in the area percent of dimer in the 
templated library was plotted as a function of monomer concentration (Figure 3.9).  It was 
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found that the dimer was amplified to a much greater extent in the DCL prepared from (S)-1 
than the DCL prepared from (R)-1.  On the basis of this observation and the fact that the 
DCL prepared from (S)-1 gives a levorotatory signal for the dimer, the enantioselective 
receptor for (-)-adenosine was identified as (S,S)-2 (Scheme 3.7).  Furthermore, the 
difference in amplification between the (S)-1 and (R)-1 DCLs templated with (-)-adenosine 
was greatest at the 1 mM concentration indicating that the enantioselectivity of (-)-adenosine 
for (S,S)-2 should be greatest at this concentration. 
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Figure 3.9.  Amplification of dimer by (-)-adenosine: (S)-1 DCL (■); (R)-1 DCL (▲); (±)-1 
DCL (●). 
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 We estimated the enantioenrichment of (S,S)-3 from the racemic DCL in the presence  
of (-)-adenosine by making DCLs from mixtures of (S)-1 and (R)-1 (1 mM total).  The ratio 
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of the height of the dimer LP signal to the height of the dimer UV signal was plotted against 
the enantiomeric excess of 1 that was used to prepare the DCL (Figure 3.10).  The linear 
regression analysis of this plot allowed us to calculate an enantiomeric excess of 21% for the 
dimer amplified by (-)-adenosine.  However, this approach is hindered by the presence of 
(R,S)-1 which contributes to the UV signal but not the LP signal.  Any change in 
concentration of (R,S)-1 in the templated library cannot be accounted for with this analysis. 
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Figure 3.10.  Ratio of LP peak height to UV peak height for the dimer in an untemplated 
DCL as a function of the enantiomeric excess of 1 used to prepare the DCL. 
 
3.8 Mass Spectrometric Analysis of Dimer Diastereomers 
 
 To further study these DCLs, a method was developed to facilitate the in situ 
measurement of diastereomeric ratios.  To directly measure the ratio of (S,S)-2, (R,R)-2, and 
(R,S)-2 present in the untemplated DCL as well as the DCL templated by (-)-adenosine, we 
prepared d7-(S)-1 (Scheme 3.7).  The unique mass signatures of the diastereomeric library 
components enabled the use of MS analysis to determine the relative diastereomeric 
composition of the dimers (d14-(S,S)-2 = M + 14, (R,R)-2 = M, and d7-(R,S)-2 = M + 7). 
 A DCL was prepared from equimolar amounts of d7-(S)-1 and (R)-1 (1 mM total 
concentration in 1% 2ME in DCM).  The distribution of dimer diastereomers in the 
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untemplated DCL and the DCL in the presence of (-)-adenosine was measured by LCMS 
analysis.  From the mass spectrum of the dimer elution peak (obtained by averaging several 
mass spectra recorded at various times during the dimer elution), the intensities of the M+ 
signals for the three dimer diastereomers were obtained.  This analysis showed that the 
distribution of dimer diastereomers, d14-(S,S)-2 : (R,R)-2 : d7-(R,S)-2 (Scheme 3.7), was 1.3 : 
1.0 : 4.5 in the untemplated DCL.  Under the templating conditions, this ratio shifted to 1.7 : 
1.0 : 2.2 indicating that the amount of d14-(S,S)-2 increases with respect to both (R,R)-2 and 
d7-(R,S)-2. 
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 While this experiment does, in fact, prove that (S,S)-2 is enantioselectively amplified 
by (-)-adenosine, it has proven technically challenging to obtain a quantitative measure of the 
binding enantioselectivity from the data.  In the untemplated DCL, the ratio of d14-(S,S)-2 to 
(R,R)-2 is not 1 : 1 as expected for a racemic DCL, but 1.3 : 1 or 56 : 44.  This slight 
enantiomeric excess (12%) is manifested in the HPLC chromatogram, where a slight 
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levorotatory LP peak is observed for the dimer (Figure 3.11b).  The templated library 
displays a larger levorotatory LP peak for the enantioenriched dimer (Figure 3.11d).  The 
presence of an excess of d14-(S,S)-2 as compared to (R,R)-2 is difficult to explain; this 
phenomenon means that the DCL formed from equimolar amounts of d7-(S)-1 and (R)-1 is 
not fully racemic.  Furthermore, the amount of (R,S)-2 formed in the untemplated library is 
much higher than the amount expected statistically (RR:RS:SS should equal 1:2:1).  Because 
the ratio of (R,R)-2 to (S,S)-2 is not 1:1 in the untemplated library, we cannot use the ratios of 
the dimers present in the templated library as a direct measure of the enantioselectivity of the 
binding interaction between (-)-adenosine and the dimers. 
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Figure 3.11.  HPLC chromatograms for DCL formed from equimolar amounts of d7-(S)-1 
and (R)-1 (1 mM total) in absence and presence of (-)-adenosine: (a) UV absorbance at 289 
nm of untemplated DCL; (b) LP of untemplated DCL; (c) UV absorbance at 289 nm of DCL 
templated with (-)-adenosine; (d) LP of DCL templated with (-)-adenosine. 
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3.9 Summary 
 
 These results demonstrate that it is possible to detect enantioselective binding events 
in a racemic dynamic combinatorial library with the use of laser polarimetric detection.  An 
enantioselective receptor for the biologically important molecule (-)-adenosine was identified 
in this manner.  The use of deuterium-labeled species was developed as a method for 
identifying and quantifying the diastereomeric components of a racemic dynamic 
combinatorial library by mass spectrometry.  Used in conjunction, these methods provide an 
effective strategy for discovering and studying new receptors for enantioselective molecular 
recognition. 
3.10 Experimental Section 
 
 General Methods.  Chemicals were purchased from Aldrich and used as received.  
HBTU (2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethylaminium hexafluorophosphate) was 
purchased from Novabiochem.  Triethylamine was freshly distilled from calcium hydride 
under nitrogen.  4-Carboxybenzaldehyde dimethoxy acetal was prepared from a literature 
procedure.34a  Instead of recrystallization from boiling hexanes, the product was isolated by 
filtering through a pad of silica and eluting with 1:1 ethyl acetate/hexanes (83% yield).  All 
stereoisomeric compounds were prepared in procedures analogous to the procedures reported 
for the racemic proline compounds.  Synthetic intermediates were obtained as oils or foams 
from which complete solvent removal was not possible; where this was the case these 
compounds were not submitted for elemental analysis. 
 NMR spectra were recorded on either a Bruker Avance 300 or a Bruker Avance 400 
spectrometer.  Chemical shifts are reported in ppm and are referenced to the residual solvent 
peaks (1H and 13C NMR).  HPLC analysis was performed on a Hewlett-Packard Series 1100 
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instrument, using an Agilent Eclipse XDB-C18 column (4.6 x 150 mm) with gradient elution 
(20% methanol/water for 5 min then gradient to 100% methanol over 25 minutes) at a flow 
rate of 1.0 mL/min.  The injection volume for a DCL with a concentration of 1 mM was 
typically 10 µL.  UV absorbance chromatograms were recorded at wavelengths of 232 and 
289 nm.  The laser polarimeter signal was recorded with a PDR-Chiral, Inc. Advanced Laser 
Polarimeter equipped with an 18 µL flow cell.  The data was analyzed using HP 
ChemStations.  LCMS analysis was performed on a Hewlett-Packard Series 1100 instrument, 
using a Phenomenex Intersil 5u ODS-2 column (4.6 x 150 mm) with the same gradient 
elution as above.  The eluent was analyzed by an Agilent 1946D mass spectrometer in 
positive ion mode with the electrospray ionization source. 
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 (rac)-3.  Benzyl alcohol (70 mL, 650 mmol) was cooled to 0 °C under nitrogen and 
7.0 mL thionyl chloride (91 mmol) was added.  (±)-Proline (5.0 g, 43 mmol) was then added 
and the mixture was stirred at 0 °C under nitrogen for 2 hours.  The mixture was warmed to 
room temperature and continued stirring for 48 hours.  The solution was poured into 300 mL 
diethyl ether and stored at -26 °C for one week.  The precipitate was collected by vacuum 
filtration, rinsed with diethyl ether, and dried in vacuo to a white solid (9.9 g, 93% yield).  1H 
NMR: (400 MHz, CDCl3, δ): 10.63 (br, 1H), 9.21 (br, 1H), 7.29 (m, 5H), 5.21 (d, J= 12.4 
Hz, 1H), 5.14 (d, J= 12.4 Hz, 1H), 4.46 (br, 1H), 3.52 (m, 1H), 3.44 (m, 1H)2.35 (m, 1H), 
2.11 (m, 1H), 1.97 (m, 2H).  13C NMR: (75.5 MHz, CDCl3, δ): 168.9, 134.8, 129.04, 128.98, 
128.8, 68.6, 59.5, 46.1, 29.0, 23.8.  Anal. Calcd  for C12H16ClNO2: C, 59.63; H, 7.13; N, 
5.79.  Found: C, 59.03; H, 6.67; N, 6.01. 
 (R)-3.  Benzyl alcohol (32 mL, 320 mmol) was cooled to 0 °C under nitrogen and 3.5 
mL thionyl chloride (46 mmol) was added.  (R)-Proline (2.5 g, 22 mmol) was then added and 
the mixture was stirred at 0 °C under nitrogen for 2 hours.  The mixture was warmed to room 
temperature and continued stirring for 48 hours.  The solution was poured into 150 mL 
diethyl ether and stored at -26 °C for one week.  The precipitate was collected by vacuum 
filtration, rinsed with diethyl ether, and dried in vacuo to a white solid (4.4 g, 85% yield).  1H 
NMR: (400 MHz, CDCl3, δ): 10.62 (br, 1H), 9.24 (br, 1H), 7.28 (m, 5H), 5.19 (d, J= 12.0 
Hz, 1H), 5.10 (d, J= 12.0 Hz, 1H), 4.46 (br, 1H), 3.51 (m, 1H), 3.42 (m, 1H), 2.33 (m, 1H), 
2.08 (m, 1H), 1.97 (m, 2H).  13C NMR: (75.5 MHz, CDCl3, δ): 168.9, 134.7, 128.94, 128.89, 
128.7, 68.5, 59.5, 46.0, 28.9, 23.7.  Anal. Calcd for C12H16ClNO2: C, 59.63; H, 7.13; N, 5.79.  
Found: C, 59.47; H, 6.67; N, 5.69. 
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 (rac)-4.  4-carboxybenzaldehyde dimethoxy acetal (2.4 g, 12 mmol), HBTU (4.7 g, 
12 mmol), and 1-hydroxybenzotriazole hydrate (HOBt, 1.7 g, 12 mmol) were dissolved in 60 
mL DMF.  (rac)-3 (3.0 g, 12 mmol) was added and the solution was stirred for 5 minutes 
before 5.2 mL (37 mmol) triethylamine was added.  The solution was allowed to stir for 1.5 
hours.  Brine (100 mL) was added and the mixture was transferred to a separatory funnel.  
The mixture was extracted 3 times with 50 mL ethyl acetate.  The combined organic extracts 
were washed three times with 100 mL 10% sodium bicarbonate, dried over magnesium 
sulfate, and filtered.  The solvent was removed in vacuo to yield a red oil which was then 
chromatographed on silica using 5% methanol in dichloromethane as an eluent (Rf = 0.37) to 
yield a yellow oil (3.9 g, 83% yield).  1H NMR: (400 MHz, CDCl3, δ): 7.53 (d, J= 8.4 Hz, 
2H), 7.47 (d, J= 8.4 Hz, 2H), 7.37-7.27 (m, 5H), 5.39 (s, 1H), 5.23 (d, J= 12.4 Hz, 1H), 5.16 
(d, J= 12.4 Hz, 1H), 4.71 (dd, J= 8.4 Hz, 5.2 Hz, 1H), 3.63-3.46 (m, 2H), 3.30 (s, 6H), 2.30 
(m, 1H), 1.96 (m, 2H), 1.87 (m, 1H).  13C NMR: (75.5 MHz, CDCl3, δ): 172.3, 169.7, 140.4, 
136.6, 136.1, 128.9, 128.5, 128.4, 127.5, 127.0, 102.9, 67.2, 59.6, 53.0, 50.2, 29.7, 25.7. 
 (rac)-5.  (rac)-4 (2.0 g, 5.2 mmol) was dissolved in 25 mL ethanol.  Potassium 
carbonate (0.72 g, 5.2 mmol) and palladium on carbon (10 wt%, 0.58 g) were added and the 
mixture was stirred overnight under an atmosphere of hydrogen.  The mixture was filtered 
through Celite and the solvent was removed from the filtrate in vacuo to yield a white foam 
(1.4 g, 89% yield).  1H NMR: (400 MHz, CDCl3, δ): 7.45 (d, J= 8.0 Hz, 2H), 7.30 (d, J= 8.0 
Hz, 2H), 5.29 (s, 1H), 4.13 (t, J= 7.2 Hz, 1H), 3.61-3.42 (m, 2H), 3.24 (s, 6H), 1.98 (m, 1H), 
1.83 (m, 1H), 1.71 (m, 1H), 1.43 (m, 1H).  13C NMR: (75.5 MHz, CDCl3, δ): 178.2, 169.3, 
139.6, 137.6, 127.5, 126.7, 102.9, 63.4, 53.0, 50.7, 30.1, 25.8. 
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 (rac)-6.  To a solution of HBTU (2.5 g, 6.5 mmol) and 1-hydroxybenzotriazole 
hydrate  (HOBt, 0.88 g, 6.5 mmol) in 20 mL DMF was added a solution of (rac)-5 (1.90 g, 
6.46 mL) in 30 mL DMF.  The solution was stirred for 5 minutes and then α-aminoisobutyric 
acid methyl ester hydrochloride (0.99 g, 6.5 mmol) was added.  The mixture was again 
stirred for 5 minutes and then 2.8 mL (19 mmol) triethylamine was added.  The solution was 
allowed to stir for 1.5 hours.  Brine (50 mL) was added and the mixture was transferred to a 
separatory funnel.  The mixture was extracted 3 times with 50 mL ethyl acetate.  The 
combined organic extracts were washed three times with 100 mL 10% sodium bicarbonate, 
dried over magnesium sulfate, and filtered.  The solvent was removed in vacuo to yield a 
yellow oil (1.6 g, 64% yield).  1H NMR: (400 MHz, CDCl3, δ): 7.45 (m, 4H), 5.34 (s, 1H), 
4.67 (dd, J= 7.0, 4.8 Hz, 1H), 3.65 (s, 3H), 3.52-3.33 (m, 2H), 3.25 (s, 6H), 2.32 (m, 1H), 
1.95 (m, 2H), 1.75 (m, 1H), 1.47 (s, 3H), 1.44 (s, 3H).  13C NMR: (75.5 MHz, CDCl3, δ): 
175.0, 171.1, 170.4, 140.5, 136.6, 127.2, 127.0, 102.7, 59.9, 56.5, 52.9, 50.6, 38.8, 27.2, 25.5, 
25.12, 25.06. 
 (rac)-1.  To a solution of 2.4 g (rac)-6 in 3.0 mL methanol was added 3.0 mL 
hydrazine monohydrate.  The solution was stirred overnight at room temperature.  The 
solvent was then removed in vacuo and the yellow oil was chromatographed on silica using 
10% methanol in dichloromethane as an eluent (Rf = 0.27) to yield a white solid (1.5 g, 62% 
yield).  1H NMR: (400 MHz, CDCl3, δ): 8.32 (br, 1H), 7.55 (d, J= 8.4 Hz, 2H), 7.49 (d, J= 
8.4 Hz, 2H), 6.64 (br, 1H), 5.39 (s, 1H), 4.43 (t, J= 6.4 Hz, 1H), 3.79 (br, 2H), 3.62-3.52 (m, 
2H), 3.31 (s, 6H), 2.23 (m, 1H), 2.13 (m, 2H), 1.84 (m, 1H), 1.59 (s, 3H), 1.50 (s, 3H).  13C 
NMR: (75.5 MHz, CDCl3, δ): 174.9, 171.7, 171.2, 141.0, 136.0, 127.6, 127.2, 102.8, 61.7, 
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57.2, 53.1, 51.0, 28.7, 27.4, 26.0, 25.0.  Anal. Calcd for C19H28N4O5: C, 58.15; H, 7.19; N, 
14.28.  Found: C, 58.10; H, 7.34; N, 14.16. 
 (S)-1.  To a solution of 0.93 g (S)-6 in 1.0 mL methanol was added 1.0 mL hydrazine 
monohydrate.  The solution was stirred overnight at room temperature.  The solvent was then 
removed in vacuo and the yellow oil was chromatographed on silica using 10% methanol in 
dichloromethane as an eluent (Rf = 0.27) to yield a white solid (0.56 g, 60% yield).  1H 
NMR: (400 MHz, CDCl3, δ): 8.41 (br, 1H), 7.53 (d, J= 8.0 Hz, 2H), 7.47 (d, J= 8.0 Hz, 2H), 
6.82 (br, 1H), 5.37 (s, 1H), 4.41 (t, J= 6.4 Hz, 1H), 3.70 (br, 2H), 3.62-3.47 (m, 2H), 3.29 (s, 
6H), 2.13 (m, 3H), 1.81 (m, 1H), 1.57 (s, 3H), 1.46 (s, 3H).  13C NMR: (75.5 MHz, CDCl3, 
δ): 174.9, 171.8, 171.1, 140.9, 136.0, 127.5, 127.1, 102.7, 61.6, 57.1, 53.1, 50.9, 28.8, 27.3, 
25.9, 24.8.  Anal. Calcd for C19H28N4O5: C, 58.15; H, 7.19; N, 14.28.  Found: C, 58.21; H, 
7.38; N, 14.29. 
 (R)-1.  To a solution of 0.98 g (R)-6 in 1.0 mL methanol was added 1.0 mL hydrazine 
monohydrate.  The solution was stirred overnight at room temperature.  The solvent was then 
removed in vacuo and the yellow oil was chromatographed on silica using 10% methanol in 
dichloromethane as an eluent (Rf = 0.27) to yield a white solid (0.67 g, 68% yield).  1H 
NMR: (400 MHz, CDCl3, δ): 8.39 (br, 1H), 7.53 (d, J= 8.0 Hz, 2H), 7.47 (d, J= 8.0 Hz, 2H), 
6.78 (br, 1H), 5.37 (s, 1H), 4.41 (t, J= 6.4 Hz, 1H), 3.70 (br, 2H), 3.62-3.50 (m, 2H), 3.30 (s, 
6H), 2.13 (m, 3H), 1.82 (m, 1H), 1.57 (s, 3H), 1.47 (s, 3H).  13C NMR: (75.5 MHz, CDCl3, 
δ): 174.9, 171.8, 171.1, 140.9, 136.0, 127.6, 127.1, 102.8, 61.6, 57.1, 53.1, 50.9, 28.8, 27.3, 
25.9, 24.9.  Anal. Calcd for C19H28N4O5: C, 58.15; H, 7.19; N, 14.28.  Found: C, 58.07; H, 
6.91; N, 14.40. 
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 d7-(S)-3.  Benzyl alcohol (1.5 mL, 12 mmol) was cooled to 0 °C under nitrogen and 
0.13 mL thionyl chloride (1.7 mmol) was added.  d7-(S)-proline (0.10 g, 0.82 mmol) was then 
added and the mixture was stirred at 0 °C under nitrogen for 2 hours.  The mixture was 
warmed to room temperature and continued stirring for 48 hours.  The solution was poured 
into 10 mL diethyl ether and stored at -26 °C for one week.  The precipitate was collected by 
vacuum filtration, rinsed with diethyl ether, and dried in vacuo to give a white solid (0.19 g, 
92% yield).  1H NMR: (400 MHz, CDCl3, δ): 10.82 (br, 1H), 9.11 (br, 1H), 7.29 (m, 5H), 
5.23 (d, J= 12.4 Hz, 1H), 5.15 (d, J= 12.4 Hz, 1H).  13C NMR: (75.5 MHz, CDCl3, δ): 169.0, 
134.8, 129.15, 129.06, 128.9, 68.8, 59.1 (m), 45.5 (m), 28.3 (m), 22.9 (m). 
 d7-(S)-4.  4-carboxybenzaldehyde dimethoxy acetal (0.12 g, 0.60 mmol), HBTU (0.24 
g, 0.60 mmol), and 1-hydroxybenzotriazole hydrate (HOBt, 87 mg, 0.60 mmol) were 
dissolved in 5 mL DMF.  d7-(S)-3 (0.15 g, 0.60 mmol) was added and the solution was stirred 
for 5 minutes before 0.25 mL (1.8 mmol) triethylamine was added.  The solution was 
allowed to stir for 1.5 hours.  Brine (5 mL) was added and the mixture was transferred to a 
separatory funnel.  The mixture was extracted 3 times with 5 mL ethyl acetate.  The 
combined organic extracts were washed three times with 10 mL 10% sodium bicarbonate, 
dried over magnesium sulfate, and filtered.  The solvent was removed in vacuo to yield a red 
oil which was then chromatographed on silica using 5% methanol in dichloromethane as an 
eluent (Rf = 0.37) to yield a yellow oil (0.11 g, 48% yield).  1H NMR: (400 MHz, CDCl3, δ): 
7.54 (d, J= 8.0 Hz, 2H), 7.47 (d, J= 8.0 Hz, 2H), 7.37-7.27 (m, 5H), 5.39 (s, 1H), 5.23 (d, J= 
12.4 Hz, 1H), 5.16 (d, J= 12.4 Hz, 1H), 3.31 (s, 6H). 
 d7-(S)-5.  d7-(S)-4 (0.11 g, 0.26 mmol) was dissolved in 3 mL of ethanol.  Potassium 
carbonate (37 mg, 0.26 mmol) and palladium on carbon (10 wt%, 30 mg) were added and the 
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mixture was stirred overnight under an atmosphere of hydrogen.  The mixture was filtered 
through Celite and the solvent was removed from the filtrate in vacuo to yield a white foam 
(85 mg, 97% yield).  1H NMR: (400 MHz, CDCl3, δ): 7.48 (d, J= 8.0 Hz, 2H), 7.32 (d, J= 8.0 
Hz, 2H), 5.29 (s, 1H), 3.25 (s, 6H). 
 d7-(S)-6.  To a solution of HBTU (0.11 g, 0.29 mmol) and 1-hydroxybenzotriazole 
hydrate  (HOBt, 42 mg, 0.29 mmol) in 1 mL DMF was added a solution of d7-(S)-5 (85 mg, 
0.29 mmol) in 1 mL DMF.  The solution was stirred for 5 minutes and then α-
aminoisobutyric acid methyl ester hydrochloride (46 mg, 0.29 mmol) was added.  The 
mixture was again stirred for 5 minutes and then 0.15 mL (0.88 mmol) triethylamine was 
added.  The solution was allowed to stir for 1.5 hours.  Brine (5 mL) was added and the 
mixture was transferred to a separatory funnel.  The mixture was extracted 3 times with 5 mL 
ethyl acetate.  The combined organic extracts were washed three times with 10 mL 10% 
sodium bicarbonate, dried over magnesium sulfate, and filtered.  The solvent was removed in 
vacuo to yield a yellow oil (83 mg, 71% yield).  1H NMR: (400 MHz, CDCl3, δ): 7.51 (m, 
4H), 5.42 (s, 1H), 3.73 (s, 3H), 3.33 (s, 6H), 1.52 (s, 3H), 1.51 (s, 3H). 
 d7-(S)-1.  To a solution of 83 mg d7-(S)-6 in 0.10 mL methanol was added 0.1 mL 
hydrazine monohydrate.  The solution was stirred overnight at room temperature.  The 
solvent was then removed in vacuo and the yellow oil was chromatographed on silica using 
10% methanol in dichloromethane as an eluent (Rf = 0.27) to yield a white solid (39 mg, 47% 
yield.  1H NMR: (400 MHz, CDCl3, δ): 8.32 (br, 1H), 7.55 (d, J= 8.0 Hz, 2H), 7.50 (d, J= 8.0 
Hz, 2H), 6.60 (br, 1H), 5.39 (s, 1H), 3.78 (d, J= 3.6 Hz, 2H), 3.32 (s, 6H), 1.59 (s, 3H), 1.49 
(s, 3H).  13C NMR: (75.5 MHz, CDCl3, δ): 174.9, 171.8, 171.2, 140.9, 136.0, 127.6, 127.1, 
102.8, 61.2 (m), 57.1, 53.1, 50.4 (m), 27.8 (m), 27.4, 25.6 (m), 24.9. 
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 General procedure for the generation of DCLs.  For HPLC analysis, 1 mM DCLs 
were prepared on a 1 mL scale.  (RS)-1 (2.3 mg, 5.9 µmol) was dissolved in 5.0 mL 1% 2-
methoxyethanol in dichloromethane and 20 µL TFA was added.  Aliquots of this solution 
(1.0 mL) were transferred to 2 vials and (-)-adenosine (1.2 mg, 4.5 µmol) was added to one 
of the vials.  The solutions were allowed to sit overnight (12-16 hours) during which 
equilibrium was reached before HPLC analysis. 
 General procedure for isolation of static libraries.  For mass spectroscopy, 1 mM 
DCLs were generated and the exchange reaction was quenched by treating with base.  These 
DCLs were generated on a 5.0 mL scale.  (rac)-1 (3.9 mg, 9.9 µmol) was dissolved in 10.0 
mL 1% 2-methoxyethanol in dichloromethane and 40 uL TFA was added.  A 5.0 mL aliquot 
of this solution was transferred to a separate vial containing (-)-adenosine (6.9 mg, 26 µmol).  
The solutions were allowed to sit overnight (12-16 hours) during which equilibrium was 
reached.  The samples were checked by HPLC to ensure DCL formation was complete.  
Amberlyst-A21 (2.0 g) was washed with 50 mL distilled water, 50 mL methanol, and 50 mL 
dichloromethane then added to the DCL.  The mixture was allowed to stir for 5 minutes.  The 
Amberlyst-A21 was removed by filtration and washed with 5 mL dichloromethane and 25 
mL methanol.  The filtrate solvent was removed in vacuo and the residue was redissolved in 
1.0 mM methanol (5 mM DCL) and subjected to HPLC analysis to ensure the library 
distribution was not affected by the quenching procedure. 
 Amplification of Dimer in Enantiopure Libraries.  Monomers (20 mg, 50 µmol) 
were weighed quantitatively and added to three separate 10-mL volumetric flasks.  Solvent 
(1% 2-methoxyethanol/dichloromethane) was added to dissolve the monomer (8 mL).  TFA 
(0.19 mL, 2.5 mmol) was added to each flask and the solutions were diluted to the mark with 
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solvent.  (-)-Adenosine (5 eq. to monomer) was weighed into 2-mL HPLC vials according to 
the following table, and the solutions were diluted to the appropriate concentrations in the 
same vials (Table 3.3).  The solutions were then allowed to sit overnight before HPLC 
analysis.  The DCL composition for each solution is shown (Table 3.4).  The increase in 
HPLC area percent for the dimer (∆dimer) was reported in Figure 3.8. 
Table 3.3.  Preparation of DCLs used to generate Figure 3.8. 
Monomer 
Enantiomer 
[Monomer] 
(mM) 
Volume 
Library (mL) 
Volume 
Solvent (mL) 
Adenosine 
(mg) 
rac 5.0 1.0 0.0 0.0 
rac 5.0 1.0 0.0 6.5 
S 5.0 1.0 0.0 0.0 
S 5.0 1.0 0.0 7.3 
R 5.0 1.0 0.0 0.0 
R 5.0 1.0 0.0 6.4 
rac 4.0 0.8 0.2 0.0 
rac 4.0 0.8 0.2 5.3 
S 4.0 0.8 0.2 0.0 
S 4.0 0.8 0.2 5.9 
R 4.0 0.8 0.2 0.0 
R 4.0 0.8 0.4 5.5 
rac 3.0 0.6 0.4 0.0 
rac 3.0 0.6 0.4 4.6 
S 3.0 0.6 0.4 0.0 
S 3.0 0.6 0.4 5.2 
R 3.0 0.6 0.4 0.0 
R 3.0 0.6 0.4 4.1 
rac 2.0 0.4 0.6 0.0 
rac 2.0 0.4 0.6 2.3 
S 2.0 0.4 0.6 0.0 
S 2.0 0.4 0.6 2.3 
R 2.0 0.4 0.6 0.0 
R 2.0 0.4 0.6 2.9 
rac 1.0 0.2 0.8 0.0 
rac 1.0 0.2 0.8 1.5 
S 1.0 0.2 0.8 0.0 
S 1.0 0.2 0.8 1.5 
R 1.0 0.2 0.8 0.0 
R 1.0 0.2 0.8 1.5 
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Table 3.4.  Library composition of DCLs at various concentrations used to generate Figure 
3.8. 
 
Monomer 
Enantiomer 
[Monomer] 
(mM) 
Adenosine 
(mg) 
% 
Dimer ∆dimer 
% 
Trimer 
% 
Tetramer 
% 
Hexamer 
rac 5.0 0.0 36.7 32.0 23.9 7.4 
rac 5.0 6.5 47.9 
11.2 33.2 18.9 0.0 
S 5.0 0.0 17.5 24.6 36.7 21.3 
S 5.0 7.3 54.1 
36.6 24.8 18.9 2.2 
R 5.0 0.0 16.2 20.2 37.5 26.1 
R 5.0 6.4 39.7 
23.5 22.7 35.1 2.5 
rac 4.0 0.0 34.9 25.7 24.4 14.9 
rac 4.0 5.3 43.9 
9.0 31.6 20.7 3.8 
S 4.0 0.0 16.2 18.5 37.1 28.1 
S 4.0 5.9 52.2 
36.0 20.8 24.0 2.9 
R 4.0 0.0 14.9 15.5 38.5 31.2 
R 4.0 5.5 33.8 
18.9 17.8 45.3 3.0 
rac 3.0 0.0 32.9 21.7 24.2 21.1 
rac 3.0 4.6 41.8 
8.9 29.2 24.6 4.4 
S 3.0 0.0 15.2 14.7 40.2 30.0 
S 3.0 5.2 52.1 
36.9 16.1 29.2 2.5 
R 3.0 0.0 14.6 12.4 42.0 31.0 
R 3.0 4.1 29.6 
15.0 13.1 53.4 3.9 
rac 2.0 0.0 34.5 20.3 26.7 18.5 
rac 2.0 2.3 40.9 
6.4 27.3 27.4 4.4 
S 2.0 0.0 18.3 13.7 45.3 22.7 
S 2.0 2.3 50.2 
31.9 12.5 35.8 1.7 
R 2.0 0.0 17.2 12.1 49.9 20.8 
R 2.0 2.9 27.5 
10.3 10.0 57.1 5.4 
rac 1.0 0.0 42.8 21.8 28.5 6.9 
rac 1.0 1.5 46.3 
3.5 25.5 28.2 0.0 
S 1.0 0.0 27.4 14.8 51.5 6.3 
S 1.0 1.5 56.9 
29.5 10.9 32.1 0.0 
R 1.0 0.0 25.6 13.4 54.8 6.3 
R 1.0 1.5 31.8 
6.2 8.2 55.0 5.1 
 
 Enantiomeric Excess of Dimer.  Monomers (20 mg, 50 µmol) were weighed 
quantitatively and added to three separate 10-mL volumetric flasks.  Solvent (1% 2-
methoxyethanol/dichloromethane) was added to dissolve the monomer (8 mL).  TFA (0.19 
mL, 2.5 mmol) was added to each flask and the solutions were diluted to the mark with 
solvent.  The solutions were diluted into 2-mL HPLC vials as follows (Table 3.5), and 
allowed to sit overnight before HPLC analysis.  The height of the laser polarimeter peak and 
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the height of the UV peak (absorbance at 289 nm) was measured for the dimer and plotted as 
a ratio in Figure 3.9.  The linear regression analysis was forced through a y-intercept of zero. 
Table 3.5.  UV height of dimer peak at 289 nm and LP height of dimer peak in untemplated 
DCLs prepared from varying ratios of (S)-1 and (R)-1 used to generate Figure 3.9. 
 
Volume S 
Solution (mL) 
Volume R 
Solution (mL) % ee UV Height LP Height LP/UV 
0.9 0.1 80 419.1 -147.0 -0.35 
0.8 0.2 60 508.2 -110.7 -0.22 
0.7 0.3 40 574.9 -79.9 -0.14 
0.6 0.4 20 648.9 -42.6 -0.07 
0.4 0.6 -20 641.6 44.6 0.07 
0.3 0.7 -40 583.3 82.5 0.14 
0.2 0.8 -60 505.6 122.0 0.24 
0.1 0.9 -80 417.5 152.6 0.37 
 
 Deuterium labeled libraries for MS analysis.  Monomers d7-(S)-1 (5.1 mg, 12.7 
µmol) and (R)-1 (5.0 mg, 13 µmol) were weighed into separate vials and dissolved in 12.0 
mL 1% 2-methoxyethanol in dichloromethane.  Aliquots of each these solutions (5.0 mL) 
were transferred to two separate vials and (-)-adenosine (13 mg, 50 µmol) was added to one 
vial.  The solutions were allowed to sit overnight before HPLC analysis.  The solutions were 
then quenched using the procedure reported above.  The quenched libraries were then 
redissolved in methanol (5.0 mL) for LCMS analysis. Mass spectra were recorded throughout 
the elution of the dimer peak and averaged.  The peak heights for the various M+ dimeric 
species were measured. 
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APPENDIX A 
BOLTZMANN DISTRIBUTION ANALYSIS 
 To obtain the Boltzmann distribution for the single dendron structures (Figure 2.6), 
the Boltzmann factor was calculated for each local minimum within 5.5 kcal/mol of the 
global minimum.  The Boltzmann factors were then summed for all local minima and the 
percentage of each local minimum of the total Boltzmann ensemble was calculated.  These 
calculations for each single dendron structure are shown in Tables A.1 through A.7. 
kT
EE
j
i
ji
e
N
N )( −−=  
Ei-Ej = energy of local minimum relative to global minimum 
k = 1.38 × 10-23 J/K = 1.99 × 10-3 kcal mol-1 K-1 
T = 333 K (60 °C) 
 
100% ×= ∑ Boltzmann
Boltzmann  
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Table A.1.  Boltzmann distribution analysis for dendron A. 
 
E (kcal/mol) Relative E Boltzmann % 
-6.68 0.00 1.00 14.08 
-6.38 0.30 0.63 8.92 
-6.34 0.35 0.59 8.32 
-6.08 0.61 0.40 5.64 
-6.06 0.62 0.39 5.48 
-5.99 0.69 0.35 4.96 
-5.70 0.98 0.23 3.18 
-5.69 0.99 0.22 3.15 
-5.68 1.01 0.22 3.08 
-5.66 1.03 0.21 2.97 
-5.64 1.04 0.21 2.91 
-5.62 1.06 0.20 2.83 
-5.59 1.09 0.19 2.70 
-5.51 1.17 0.17 2.40 
-5.46 1.23 0.16 2.21 
-5.37 1.32 0.14 1.92 
-5.32 1.36 0.13 1.79 
-5.27 1.41 0.12 1.67 
-5.09 1.59 0.09 1.27 
-5.07 1.61 0.09 1.23 
-4.86 1.82 0.06 0.90 
-4.84 1.85 0.06 0.86 
-4.80 1.88 0.06 0.82 
-4.79 1.89 0.06 0.81 
-4.78 1.91 0.06 0.79 
-4.75 1.94 0.05 0.76 
-4.75 1.94 0.05 0.75 
-4.73 1.96 0.05 0.73 
-4.71 1.97 0.05 0.71 
-4.71 1.98 0.05 0.71 
-4.70 1.98 0.05 0.71 
-4.69 1.99 0.05 0.70 
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Table A.2.  Boltzmann distribution analysis for dendron B. 
 
E (kcal/mol) Relative E Boltzmann % 
-37.83 0.00 1.00 8.66 
-37.80 0.03 0.95 8.24 
-37.75 0.08 0.88 7.63 
-37.69 0.14 0.81 6.99 
-37.65 0.18 0.76 6.62 
-37.62 0.21 0.72 6.28 
-37.59 0.24 0.70 6.06 
-37.59 0.24 0.69 6.02 
-37.59 0.24 0.69 6.01 
-37.10 0.73 0.33 2.86 
-37.02 0.81 0.30 2.56 
-36.96 0.87 0.27 2.31 
-36.95 0.88 0.26 2.28 
-36.93 0.90 0.26 2.23 
-36.92 0.91 0.25 2.20 
-36.92 0.91 0.25 2.18 
-36.85 0.98 0.23 1.97 
-36.81 1.02 0.22 1.86 
-36.80 1.03 0.21 1.83 
-36.79 1.04 0.21 1.81 
-36.74 1.09 0.19 1.67 
-36.61 1.22 0.16 1.37 
-36.60 1.24 0.15 1.34 
-36.59 1.24 0.15 1.34 
-36.59 1.25 0.15 1.32 
-36.54 1.29 0.14 1.23 
-36.54 1.30 0.14 1.22 
-36.51 1.32 0.14 1.17 
-36.49 1.34 0.13 1.14 
-36.24 1.59 0.09 0.78 
-36.09 1.74 0.07 0.62 
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Table A.3.  Boltzmann distribution analysis for dendron C. 
 
E (kcal/mol) Relative E Boltzmann % 
-32.79 0.00 1.00 28.53 
-32.44 0.35 0.59 16.87 
-32.18 0.61 0.40 11.38 
-31.94 0.85 0.28 7.91 
-31.80 0.99 0.22 6.41 
-31.61 1.18 0.17 4.81 
-31.55 1.24 0.15 4.39 
-31.47 1.32 0.14 3.90 
-31.29 1.50 0.10 2.96 
-31.12 1.67 0.08 2.30 
-31.03 1.77 0.07 1.98 
-30.91 1.88 0.06 1.66 
-30.90 1.89 0.06 1.64 
-30.84 1.95 0.05 1.50 
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Table A.4.  Boltzmann distribution analysis for dendron D. 
 
E (kcal/mol) Relative E Boltzmann % 
-36.81 0.00 1.00 8.12 
-36.76 0.05 0.93 7.55 
-36.71 0.10 0.86 6.98 
-36.69 0.12 0.84 6.79 
-36.58 0.23 0.71 5.75 
-36.58 0.23 0.70 5.72 
-36.53 0.28 0.65 5.30 
-36.46 0.35 0.59 4.76 
-36.42 0.39 0.55 4.48 
-36.42 0.40 0.55 4.47 
-36.40 0.41 0.54 4.39 
-36.09 0.72 0.34 2.74 
-36.08 0.73 0.33 2.70 
-36.05 0.76 0.32 2.57 
-36.03 0.78 0.31 2.48 
-36.00 0.81 0.29 2.39 
-35.91 0.90 0.26 2.09 
-35.80 1.01 0.22 1.77 
-35.67 1.14 0.18 1.44 
-35.62 1.19 0.16 1.34 
-35.62 1.20 0.16 1.33 
-35.55 1.26 0.15 1.20 
-35.51 1.31 0.14 1.13 
-35.39 1.43 0.12 0.94 
-35.34 1.47 0.11 0.88 
-35.29 1.53 0.10 0.81 
-35.28 1.53 0.10 0.81 
-35.28 1.53 0.10 0.81 
-35.28 1.53 0.10 0.80 
-35.27 1.54 0.10 0.79 
-35.25 1.56 0.10 0.77 
-35.22 1.59 0.09 0.73 
-35.22 1.59 0.09 0.73 
-35.21 1.60 0.09 0.72 
-35.19 1.62 0.09 0.70 
-35.07 1.74 0.07 0.59 
-35.02 1.79 0.07 0.54 
-34.98 1.83 0.06 0.51 
-34.91 1.91 0.06 0.46 
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Table A.5.  Boltzmann distribution analysis for dendron E. 
 
E (kcal/mol) Relative E Boltzmann % 
-42.90 0.00 1.00 13.74 
-42.88 0.02 0.97 13.34 
-42.69 0.21 0.73 9.97 
-42.43 0.47 0.49 6.72 
-42.33 0.57 0.42 5.77 
-42.29 0.62 0.39 5.40 
-42.28 0.63 0.39 5.33 
-42.18 0.72 0.33 4.60 
-42.16 0.74 0.33 4.48 
-41.80 1.11 0.19 2.58 
-41.74 1.16 0.17 2.37 
-41.66 1.25 0.15 2.09 
-41.65 1.26 0.15 2.06 
-41.64 1.26 0.15 2.04 
-41.60 1.31 0.14 1.91 
-41.56 1.35 0.13 1.79 
-41.55 1.35 0.13 1.79 
-41.55 1.36 0.13 1.77 
-41.44 1.46 0.11 1.52 
-41.07 1.83 0.06 0.87 
-41.00 1.90 0.06 0.78 
-40.99 1.92 0.06 0.76 
-40.91 1.99 0.05 0.68 
-40.91 1.99 0.05 0.68 
 
 
Table A.6.  Boltzmann distribution analysis for dendron F. 
 
E (kcal/mol) Relative E Boltzmann % 
-39.27 0.00 1.00 17.25 
-39.13 0.14 0.80 13.88 
-38.93 0.34 0.60 10.27 
-38.80 0.47 0.49 8.42 
-38.70 0.57 0.42 7.25 
-38.67 0.61 0.40 6.91 
-38.64 0.63 0.38 6.62 
-38.60 0.67 0.36 6.30 
-38.58 0.69 0.35 6.08 
-38.55 0.73 0.33 5.76 
-38.39 0.88 0.26 4.56 
-38.38 0.89 0.26 4.52 
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Table A.7.  Boltzmann distribution analysis for dendron G. 
 
E (kcal/mol) Relative E Boltzmann % 
-14.94 0.00 1.00 12.73 
-14.93 0.01 0.98 12.46 
-14.93 0.02 0.98 12.44 
-14.45 0.49 0.48 6.08 
-14.44 0.50 0.47 5.98 
-14.39 0.55 0.43 5.51 
-14.31 0.63 0.38 4.89 
-14.26 0.68 0.36 4.55 
-14.23 0.72 0.34 4.32 
-14.22 0.72 0.34 4.31 
-14.19 0.75 0.32 4.10 
-14.17 0.77 0.31 3.97 
-14.16 0.78 0.31 3.92 
-13.99 0.95 0.24 3.05 
-13.83 1.12 0.19 2.36 
-13.78 1.16 0.17 2.19 
-13.66 1.28 0.14 1.83 
-13.48 1.47 0.11 1.39 
-13.13 1.81 0.06 0.82 
-13.08 1.86 0.06 0.76 
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APPENDIX B 
STEREOCHEMICAL DIVERSITY IN A RACEMIC DCL 
Table B.1  Cyclic oligomers in a racemic dynamic combinatorial library. 
Dimers Trimers Tetramers Pentamers Hexamers 
RR SS RRR SSS RRRR SSSS RRRRR SSSSS RRRRRR SSSSSS 
RS RRS SSR RRRS SSSR RRRRS SSSSR RRRRRS SSSSSR 
    RRSS RRRSS SSSRR RRRRSS SSSSRR 
    RSRS RSRSR SRSRS RSRSRR SRSRSS 
        RRSRRS SSRSSR 
        RRSSRS SSRRSR 
        RRRSSS 
        RSRSRS 
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